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INTRODUCTION 


The primary objective of the NASA-sponsored, Cornell University 
Remote Sensing Progr€un is to promote the application of aircraft 
and satellite remote sensing, particularly, in New York State. 

In accordance with NASA guidelines, this is accomplished through 
conferences, seminars, instruction, newsletters, news releases, 
and most directly, through applied research projects. Each proj- 
ect must be, in some way, unique; essentially noncompetitive with 
commercial firms; and potentially, benefit- or action-producing. 
Relatively little emphasis is placed on technology transfer, per 
se. 


The activities of the Remote Sensing Prograun staff, from June 1 
to November 30, 1980 are reviewed in this Semi-Annual Status Re- 
port, the seventeenth to be submitted to NASA since the Prograun 's 
inception in June 1972. 

COMMUNICATION AND INSTRUCTION 
Contacts and Cooperators 

Communication is vital to the success of Cornell's Remote Sensing 
Program. The Program staff spends many hours discussing remote 
sensing with representatives of various federal, state, regional, 
county and local agencies, public and private organizations, the 
academic community and foreign countries. 

Over the past six months, members of the Program staff have pre- 
sented three research papers. These papers were well received, 
stimulating discussion and subsequent requests for reprints from 
around the country. A paper on the use of "historic" airphotos 
to analyze landfills was presented at the American Society of 
Civil Engineers/American Society of Photogrammetry Specialty Con- 
ference on Civil Engineering Applications of Remote Sensing. Two 
papers were given at the American Society of Photogrammetry Fall 
Technical Meetings in Niagara Falls. One was a comparison of 
manual and digital analyses of Landsat for modeling river flood- 
ing, and the second an approach to environmental impact assess- 
ment using remote sensing (Appendix E) . 

Along with receiving project cooperators from the Planning Depart- 
ment of Hamilton County, the N.Y.S. Department of Health, the St. 
Regis Paper Company office at Deferiet, N.Y. , the N.Y.S. Depart- 
ment of Commerce, and other Cornell departments. Program staff 
provided remote sensing consultations or orientations to some 35 
members of the Central New York Region, American Society of Photo- 
grammetry, to student groups from the State University of New York 
at Binghamton and the State University of New York at Brockport, 
and to representatives of the N.Y.S. Cooperative Wildlife Research 
Unit, the U.S. Fish and Wildlife Service, the U.S. Agency for In- 
ternational Development, the U.S. Environmental Protection Agency's 
Environmental Monitoring Systems Laboratory, and the Instituto Na- 
cional de Investigacion , Corporacion de Fomento (IREN/CORFO) , Chile. 



Of special note is that* under a grant to Cornell from the En- 
vironmental Protection Agency, the co- investigator participated in 
a peer review of programs of the EPA's Environmental Monitoring 
Systems Laboratory. He visited and was responsible for reviewing 
the remote sensing activities of the Las Vegas center and the En- 
vironmental Photo Interpretation Center (EPA/EPIC) in Warrenton, 

Va. 

As in the past, many new and continuing dialogs were also held via 
the mail and telephone (Appendix F) . These were often in response 
to requests for remote sensing consultations (e.g., Eastman Kodak 
regularly refers requests for advice on remote sensing applications 
to the Program; the N.Y.S. Department of Environmental Conservation 
requested advice, via telephone, on the use of remote sensing for 
monitoring gypsy moth infestation) ; but several were of value in 
developing new remote sensing projects. 

Newsletters 

The Program's "Cornell Remote Sensing Newsletter" continues to 
serve as an important link to and beyond the Cornell community 
(Appendix G) . By highlighting remote sensing activities at Cor- 
nell while reporting other items of interest, the Newsletter has 
attracted a readership which greatly exceeds the mailing list of 
more than 550 individuals or groups in over 40 states and 20 coun- 
tries (Appendix H) . 


Seminars 


The weekly Seminar in Remote Sensing, sponsored for nine years 
by the Program, has provided students, staff, and other interested 
individuals at Cornell the opportunity to discuss remote sensing 
topics with experts from government, industry, and other institu- 
tions. The Seminar was not held during the fall semester, 1980, 
but planning for the spring semester is well underway. Speakers 
from the N.Y.S. College of Environmental Science and Forestry, 
NOAA/NESS, and the U.S. Army Coastal Engineering Research Center 
have been scheduled, and others have been invited. 

Courses, Special Studies and Workshops 

The 1980-1981 course offerings emphasize remote sensing technology, 
which is synonymous with NASA. As described in the previous re- 
port, three of the six formal courses in the revised curriculum 
were developed under the NASA grant. 

During the past six months, four graduate theses were completed 
under Program staff supervision: Remote sensing studies of some 

ironstone gravels and plinthite in Thailand (Ph.D. , Pichit Jamnong- 
pipatkul) ; Development of a remote sensing methodology for range- 
land monitoring in Botswana (M.S., Elaine S. Aderhold) ; A compara- 
tive study of small scale remotely sensed data for monitoring clear- 
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cutting in hardwood forests (M. S. # William R. Hafker) ; and Assess- 
ment of potential industrial sites in Essex County « N.Y. (M.E. 

Civil, Thomas M. Wozny) . The latter two studies have received 
direct financial support from the NASA grant, and they are included 
in Appendices C and D. Ongoing graduate thesis investigations in- 
clude: Remote sensing for engineering properties of arid region 

landfoirms (Ph.O. , William L. Teng) ; Remote sensing of river ice 
(M.S., Thomas L. Erb) ; and Remote sensing for vineyard management 
and yield estimation (M. S., Katherine A. Minden) . Three other 
graduate students are in the early stages of defining thesis topics. 


DATA AND FACILITIES 

As described in earlier reports, staff research and instruction 
have been enhanced through continued acquisition of a wide range 
of remotely sensed, aircraft and satellite data, and through ex- 
tension of capabilities for their analysis and interpretation. 

These data, along with Program facilities and equipment, are made 
available at no cost to cooperators, students and other inter- 
ested users. 

With assistance from the NASA Office of University Affairs, the 
Program has received Landsat, Sky lab, high altitude and low alti- 
tude coverage of sites in the Northeast, and an aircraft multi- 
spectral scanner mission was flown in September 1980. The U.S. 
Environmental Protection Agency has also overflown Program-selected 
sites at no cost to the Program; and imageries have been obtained 
from the U.S.A.F. Rome Air Development Center, the U.S. Geological 
Survey, the U.S. Department of Agriculture, the St. Lawrence Sea- 
way Development Corporation, the National Air Photo Library of 
Canada, the Tri-State Regional Planning Commission, the National 
Archives , Eastman Kodak Company and several commercial mapping 
firms. In addition, the NASA Johnson Space Center recently sup- 
plied the Program with copies of selected surplus films. 

The Program maintains or has access to spectroradiometers and 
selected image analysis equipment (i.e., zoom and non-zoom ster- 
eoscopes, density slicer, color- additive viewer, monoscopic and 
stereoscopic Zoom Transfer Scopes, densitometer and other photo- 
graphic instruments) . The Program also has an active file of 
computer routines for analyzing raultispectral digital data. These 
routines have received increased usage in Program-sponsored, spin- 
off and thesis investigations with Landsat and aircraft scanner 
data. Additionally, the Program's computer routines for analyzing 
Landsat tapes have been used by researchers at the N.Y.S. College 
of Environmental Science and Forestry, and the State University 
of New York at Binghamton, the latter, via a telephone link. 

To increase the Program's image analysis capability, the staff re- 
cently submitted a proposal to the National Science Foundation for 
the acquisition of interactive digital equipment. Costs would be 
shared equally by NSF and Cornell. Action on this proposal will 
be known by March 1981. 
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PROJECTS COMPLETED 


During the six month period, June 1, 1980 to November 30, 1980, 
the Cornell Remote Sensing Program staff completed one applied 
research project and one assistance project. As noted, one Master 
of Science thesis and one Master of Engineering (Civil) design 
project were also conducted with financial support from the NASA 
grant. 

Applied Research Project: 

1. Fuelwood availability for a ten megawatt power plant in 
Tupper Lake, N.Y., based on remotely sensed and other 
data. 

Assistance Project: 

2. Inventory of coniferous forests near Bath, N.Y. 

Thesis/Design Projects: 

3. A comparative study of small scale remotely sensed data 
for monitoring clearcutting in hardwood forests. 

4. Assessment of potential industrial sites in Essex County, 

N.Y. 

The projects are svunmarized here, and pertinent material on each 
is included in an appendix. 

J. Fueiu>ood availability a ten mcgaioatt power plant nea\ 

Tuppea Lake, N.V'., ba&ed on xemotely sensed and otheK data 

Uncertainty in petroleum cost and supply has prompted interest in 
alternative energy sources such as wood. The New York State Energy 
Office is considering development of a ten megawatt wood-fired 
power plant in the Adirondack region. A primary consideration is 
the availability of sufficient woody material to fuel the plant. 
Through analysis of NASA high altitude, color infrared aerial 
photographs and Landsat images. Program staff delineated forested 
land potentially available for fuelwood harvest within 30 km of 
Tupper Lake, N.Y., and classified the forested land as to forest 
type: deciduous, coniferous, or mixed. Pviblished inventory and 

growth data were used to estimate woody material on the available 
land. The information submitted to the Energy Office indicated 
that there is sufficient woody material to supply a 10 MW plant. 

The fuelwood estimates will be used in further analysis of the 
plant's economic feasibility by consultants to the Energy Office 
and the Power Authority of the State of New York. 

2. Inventory o coniferous forests near Bath, N.y. 

A particleboard manufacturing firm is considering constructing a 
new plant in the Southern Tier near Bath, N.Y. A primary factor 
in assessing the feasibility of the plant is the supply of conifers 
and low-density hardwoods. Available forest resource information 
is aggregated (the smallest unit for which data are reported is 


the county) and dated (New York— 1970 , Pennsylvania— 1965) . At 
the request of a consultant to the N.Y.S. Department of Commerce, 
Program staff used NASA high altitude, color infrared aerial photo- 
graphs and Landsat imagery to inventory coniferous forests within 
50 miles of Bath, N.Y. This information was submitted to the user, 
who will use it in a presentation to the manufacturing firm to es- 
tablish the desirability of locating the new plant in New York. 

3. A compdfiatlvt itudy oi 6 matt icalz Kzmotzty izn-izd data. ^OA. 
monttoAtng ctzaA.cutttng -cn haA.dv}ood ^0A.zit6 

The N.Y.S. Adirondack Park Agency requested that the Program staff 
assess the utility of Landsat and other remotely sensed data for 
Identifying and monitoring clearcutting in the Adirondack Park, in 
anticipation of extensive harvesting on private land within the 
Park following expiration of a moratorium on clearcutting. An area 
in the Allegheny National Forest, in northwestern Pennsylvania, was 
chosen for comprehensive study because of a lack of documented clear- 
cuts in the Park. The two areas are similar in that they are covered 
by predominantly hardwood forests. 

Manual interpretation techniques were used to analyze images acquired 
by high altitude aircraft, Skylab multispectral and Earth Terrain 
cameras, Landsat MSS, and Landsat- 3 RBV. Landsat imagery also was 
analyzed using digital image analysis. The value of each type of 
remotely sensed data was judged by the ease and accuracy of clearcut 
identification, and by the amount of detail discernible, especially 
regarding revegetation. 

A less comprehensive study was conducted in the Adirondack Park to 
confirm the transferedbility of findings from the Allegheny National 
Forest. Finally, a combined reconnaissance and detailed level meth- 
odology for identifying and monitoring clearcutting was recommended. 
(Appendix C) . 

4. Aiic.-i4men-t potznttal tnduitfL-iat in Ei4ex County, U,V. 

In an attempt to improve its employment situation, Essex County, 

N.Y. , is seeking to attract new industries. As part of its Eco- 
nomic Development Study, the County Planning Office must identify 
suitable industrial sites. The Program was requested to assist 
this effort. 

Potential industrial sites were assessed using high and medium al- 
titude aircraft photographs and supporting information on the 4,730 
sq. km. (1,825 sq. mile) county. Factors evaluated include land 
availability, slope, site accessibility, soil drainage, other sub- 
surface characteristics, and the expected physical as well as visual 
impacts on existing land use. Areas unavailable or unsuitable for 
development were eliminated first, and the remaining areas evalu- 
ated and the best sites identified. This information was submitted 
to the County Planning Office and will be used in site planning and 
attracting industry. 


PROJECTS IN PROGRESS 


Program-Sponsored 

As of November 30, 1980, the Cornell Remote Sensing Program staff 
was conducting four applied research projects and one assistance 
project under the NASA grant: 

* applied research projects: 

1. Site Selection for Wind Mills 

2. Spectral Effects of Sulphur Dioxide 

3. Assessment of Scenic Views 

4. Studies of Vineyard Management and Yield Estimation 

* assistance project: 

5. Remote Sensing Consultation Regarding the Love Canal 
Landfill 

The objectives, cooperators, users, expected benefits and actions, 
and status of these projects are described, as follows: 

1. Site Setzetion Wind MtfCi 

-cooperator /user : N.Y.S. Energy Office 

-users: N.Y.S. Energy Office; citizens 

of New York 

-benefits/actions: Selection of best sites for ane- 

mometers, and, if viable, wind 
mills 

-expected completion date: 1st phase— February 1981 

At the request of the N.Y.S. Energy Office, members of the Program 
staff are conducting a study to develop and test a site selection 
methodology for wind mills. Using topographic maps and remotely 
sensed data, and following accepted criteria, the staff has selec- 
ted a number of sites for anemometers in western New York. In- 
formation about these sites was submitted to the Energy Office 
for inclusion in their final site selection. As planned, the meth- 
odology will be refined and tested in other areas. 

2. Spzct^at E)$|5cc^-^ Sulphufi Dioxide 

-cooperator; Boyce Thompson Plant Research 

Institute 

-users; U.S. Environmental Protection 

Agency 

-benefits/actions; Development of a procedure for 

monitoring SO 2 and its effects 

Feasibility study - February 1981 


-expected completion date: 


r 


Researchers at the Boyce Thompson Plant Research Institute, at 
Cornell, are Investigating the effects of sulphur dioxide on the 
yield of beans. During the summer of 1980, Program staff collec- 
ted field spectroradiometrlc measurements and rround photographs 
on selected rows of beans, which had been exposed to varying con- 
centrations of sulphur dioxide. These data are being analysed 
and correlated with yield and gas concentration. Depending upon 
the results of the preliminary assessment, follow-up experiments 
might be conducted during 1981 to refine the selection of spectral 
bands for remote monitoring. 


3. A66 c6iment oi Sccn-ic UXetca <n 

-cooperator/user : 

-users: 

-benefits/actions ; 

-expected completion date: 


Hamitton County, N.y. 

Hamilton County Planning 
Department 

Hamilton County Planning 
Department, Town of Morehouse 
Planning board 

Selection of best sites for 
developing scenic view/road- 
side pull-offs, picnic areas 

June 1981 


At the request of the Planning Department of Hamilton County, N.Y., 
the Program staff is assessing scenic views along Route 8 in the 
Town of Morehouse, N.Y. The county is situated within the Adiron- 
dack Park and is economically dependent on tourism. According to 
planners, improvements in scenic vistas along the highway would 
better identify the county with the Park, and thereby stimulate 
the local service industry. The objective of the project is to 
identify candidate roadside areas that the town could improve for 
scenic vistas, pull-offs, and picnic sites. 


4. 


Studie.& 0|5 Vimijoid Managemen-t and Yield litimation 

-cooperator/user: Taylor Wine Company; N.Y.S. 

Agricultural Experiment Sta 
tion 


-users: Taylor Wine Company & other 

vineyards; USDA Economics, 
Statistics & Cooperatives 
Service 

benefits: Potentially, the capacity to 

improve and estimate vineyard 
yield with remotely sensed data 

-expected completion date: September 1981 

As a follow-up to previous vineyard-related investigations (7th, 

9th, 14th, and 15th Semi-Annual Status Reports, Dec 1975, Dec 1976, 
June 1979, and June 1980) , the Progreim staff is attempting to develop 
an algorithm for predicting vineyard yield on the basis of remotely 
sensed measurements. Photographic and multispectral scanner data 
acquired for the Program by NASA in 1977 are being re-evaluated; 
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a comprehensive series of field upectroradiometric studies were 
made in Cornell's experimental vineyard in Predonia, N.Y. through- 
out the summer and early fall of 1980; and NASA/JSC flew one air- 
craft multispectral scanner mission over the Fredonia vinevvvcd and 
Taylor Wine Company vineyards in Hammondsport , N.Y. in September 
1980. 


5. Remote Stn^ing ConAuttationi Re.ga\d4.ng the. Love Canal Landiilt 

-cooperator: N.Y.S. Dept, of Health 

-users: N.Y.S. Dept, of Health, N.Y.S. 

Dept, of Environmental Conserva- 
tion, N.Y.S. Attorney General's 
Office, and U.S. Environmental 
Protection Agency 

-expected completion date: Present consultations— February 

1981 


As a follow-up to the Program's earlier analysis of the Love Canal 
landfill in Niagara Falls, N.Y. (13th Semi-Annual Status Report, 
Dec 1978) , the Director of the Toxicology Laboratory of the N.Y.S. 
Department of Health has periodically requested additional remote 
sensing interpretations and support. These continuing consulta- 
tions regarding the Love Canal landfill are proceeding under the 
NASA grant. 


Spinoff Projects 

During the past six months, the Program staff has been involved in 
two spinoff projects that arose directly from NASA-funded investi- 
gations. The first project is a remote sensing analysis of some 
40 toxic waste landfills in the Niagara Falls area of New York. 
Partially supported by the N.Y.S. Department of Health, this work 
follows the Program's assessment of Love Canal (13th Semi-Annual 
Status Report, Dec 1978) , as well as earlier leachate detection 
studies which were nded jointly by NASA and EPA. 

Similarly, in an effort to extend the findings of a NASA-funded 
study of river flooding (14th Semi-Annual Status Report, June 1979) , 
the Program sought and received a research grant to investigate 
flood modeling with Landsat. This 12-month study was funded by the 
Office of Water Research and Technology, U.S.D.I. and completed in 
October 1980. 


The Program has begun another OWRT-funded study to develop a remote 
sensing methodology for improving lake sampling strategies. Begun 
in October 1980, this 12-roonth study is being conducted jointly with 
Cornell's Department of Natural Resources. 


FUTURE PROJECTS 

The Program staff is continually soliciting and receiving propos- 
als for new remote sensing, applied research projects (Appendix 


- 8 - 


F) . As described, criteria for project acceptance are that the 
project must be, in some way, unique; that project acceptance 
would not compete unduly with private companies or consultants; 
and that, if completed successfully, the project would produce 
tangible benefits or actions by defined users. 

Among the projects that are planned for initiation during the 
next few weeks are: 

1. With the Boyce. Thompson Plant ReseaAch Institute- -conduct 
greenhouse spectroradiometric studies to develop a remote 
sensing test for screening salt tolerance of tomatoes. 

2. With the Coastal Management Phog^am, N.Y.S. VepaA.tment oi 
State* -develop a remote sensing methodology for inventorying 
coastal aesthetic resources that are located on, or visible 
from, public land. 

3. With the St. Pape-t Compant/* -develop a remote sensing 

approach to locating desirable timhor species in New York's 
Adirondack Mountains, for their wood procurement program. 

PROGRAM STAFF 

The Program staff is comprised of Ta Liang, principal investigator, 
Warren R. Philipson, co- investigator , John A. Stanturf, research 
associate, Thomas L. Erb, research specialist, Chain-Chin Yen, 
computer data analyst, and Pat Webster, secretary. Donald J. 
Belcher, Arthur J. MeJair, and Ernest E. Hardy are general consul- 
tants to the Program, and for specific projects, assistance has 
been provided by many Cornell and non-Cornell personnel. Of 
special mention is the assistance of Michael J. Duggin of the Col- 
lege of Environmental Science and Forestry at Syracuse, N.Y. Stu- 
dents who have contributed significantly to the Program staff ef- 
fort over the past six months include Lisa Balliett, Kent Craven, 
Karen Draves, William Hafker, Karen Jahn, Katsutoshi Kozai, Sandra 
Matulonis, Katherine Minden, David Smith and William Teng. 
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Preface 


This study was initiated at the request of Mark Bagdon of 
the New York State Energy Office, and supported by NASA 
grant NGL 33-010-171. 

Lisa K. Balliett, with the help of Karen Jahn did the 
remote sensing analysis and the land area estimation. 

John A. Stanturf is responsible for the fuelwood estima- 
tion. This study was directed by John A. Stanturf and 
Warren R. Philipson. 
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Introduction 


Uncertainty in petroleum cost and supply has prompted renewed in- 
terest in alternative energy sources such as wood. The New York 
State Energy Office is considering development of a ten megawatt 
wood-fired power plant in the Adirondack Region. A primary consid- 
eration is the availability of sufficient woody material to fuel 
the plant. This study was undertaken to assess the potentially 
available woody material within an economic haul distance of Tupper 
Lake, New York. 

In order to estimate potential fuelwood stocks, it was necessary 
to estimate the forest land area available, and the eunount and 
type of woody material on the available land. A summary of these 
estimates and conclusions follow in the next section. More de- 
tailed descriptions of the methods used to derive these estimates 
are presented in subsequent sections. Explanation of the fuelwood 
demand calculations is appended. 


Summary and Conclusions 


Thirty-seven percent of the land within 30 km of Tupper Lake, total- 

ing 1056 < (260 ,940 acres), is forested and potentially available to 
supply wood. High altitude, color infrared aerial photographs and 
Landsat images showed the available land to be composed of 51% mixed 
stands, 39% deciduous stands, and 10% coniferous stands. Limiting 
consideration to land with slopes of 15% or less excluded 83,500 
acres that would otherwise have been deemed available (but were not 
considered in the analysis) . 


The annual fuelwood demand for a ten megawatt (10 MW) plant was cal- 
culated using efficiency factors from the literature (Rich and Bauer 
1975) and conservative high heat values (Tillman 1978). The fuel- 
wood necessary to supply the plant was estimated to be 86,460 tons 
per year (green weight) . 

The amount of fuelwood potentially available was estimated several 
ways. The most conservative estimate assumes only "waste" wood is 
available — cull material and mortality. This was estimated to be 
79,750 tons per year. Assuming sufficient additional top and stump 
residue from sawlog harvests will supply the balance, the most con- 
servative estimate is that there is sufficient fuelwood within 30 km 
of Tupper Lake to supply a 10 MW plant without disrupting convention- 
al timber markets. Less conservative estimates are that 1.35, 27, 
or 75 times the needed fuelwood could be supplied without relaxing 
the restriction on slopes or lengthening the hauling distance. 


Methodology of Land Area Estimation 

The land area potentially available for fuelwood production had to 
be estimated in order to determine whether or not the power plant 
could be supplied reliably. Since there is a distance beyond which 
wood fuel cannot be transported economically, a probable plant site 
had to be assumed and a reasonable hauling distance selected. 


The study area was delineated as a circle of 30 km radius with the 
Village of Tupper Lake as the center. The amount and location of 
land potentially avail 2 d>le was determined. Wetlands and water 
bodies were excluded and availability of the remaining area assessed 
according to ownership and harvestability. Fuelwood estimates were 
made using the estimates for land area in three forest types inter- 
preted from aerial photographs and satellite images, and mensura- 
tional data in the 1970 Forest Survey of New York (Ferguson and 
Mayer, 1970) and other studies. 

Methods and Materials 
Sources of Information 


The remotely sensed and supplemental data examined to determine non- 
forested areas, wetlands and water bodies, slope, forest cover types, 
and property ownership boundaries included several dates of high 
altitude color infrared aerial photography, two Landsat color com- 
posite images, two land use maps of the Adirondack State Park, maps 
of industry owned land, and USGS topographic maps. These data sources 
are summarized in Table 1. 

Land Classification Process 


A land classification was established to exclude land where whole- 
tree harvesting is difficult because of physical or legal limitations. 
Land was excluded unconditionally if it was State-owned, wetland, or 
non-forested. Land with harvestability limitations due to slopes 
greater than 15% were also excluded. Industry owned land was in- 
cluded but boundaries were noted in order that these lands could be 
assessed separately. All other land was classified as potentially 
available. Forest cover types were delineated as being dominantly 
coniferous, deciduous, or mixed. Forest cover types were mapped on 
all potentially available land, including that in industry ownership. 

Excluded land had absolute limitations on harvesting. The majority 
of the land in this category was in the Adirondack Forest Preserve. 
Wetlands throughout the study area were excluded because of the like- 
lihood of adverse environmental impact if disturbed. Furthermore, 
wetlands often lack woody material. 

Non-forested land was excluded; however, some of these areas, for 
example recent clearcuts, might be considered available at some time 
in the future. 

Land with some limitations included land with slopes greater than 
15%. Assuming that at least in some areas, woody material will be 
chipped on site and trucked to the plant, a slope limitation of 15% 
was chosen to meet the requirements of mechanical chippers and to 
avoid unstable slopes (Bogucki, 1977). This slope limit is conserva- 
tive. Steeper lands can certainly be harvested without undue envir- 
onmental impact, however, at higher economic costs. 

Several of the large companies owning land in the area stated their 
willingness to sell varyina amounts of waste wood, forest residues 
and unmerchantable t?>t»b«.r. Thus, industry owned land was treated 
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as available but location was noted. The only industry owned land 
within the study area belongs to the International Paper Company 
and the St. Regis Paper Company. The boundaries of the International 
Paper Company land are. shown. on Nap. Two. 

No limitations were put on the remaining land. A study done by 
Canham (1973) showed that owners' attitudes change, and have little 
long term effect on whether the property will be harvested because 
ownership often changes at least once during the life of the stand. 

The land not excluded absolutely or conditionally was used as the 
forested area available to supply fuclwood. This land base was then 
stratified into three cover type classes by aerial photographic in- 
terpretation. The forest type classes are coniferous, deciduous, 
and mixed. The estimates of land area in each type were used along 
with the Forest Survey data to estimate woody material. 

Procedures for Identifying, Mapping, and Measuring Cover Types 

A base map was constructed from USGS topographic maps at a scale of 
1:62,500. Acetate sheets showing the different land classifications 
were placed over the base map. A circle of 30 km radius was drawn 
with the Village of Tupper Lake as the center. The 30 km radius 
represents a reasonable hauling distance. The total area within the 
circle is 282,600 ha (698,300 acres). Parts of St. Lawrence, Essex, 
Franklin and Hamilton counties are included. 

The topographic maps were used to measure slope in order to exclude 
lands greater than 15%. All property ownership maps were projected 
to the scale of the base map using an opaque projector. 

Interpretation was begun by locating areas in each land cover type 
(e.g., wetlands) on the topographic maps and by identifying their 
characteristics on the color IR aerial photographs. Once land cover 
types could be identified consistently using the color IR aerial 
photos viewed stereoscopically , they were mapped for the study area. 
Acetate overlays were made by optically superimposing each photo- 
graphic frame onto the base map using a Zoom Transfer Scope. In 
this manner, relevant information from the topographic maps could 
be updated. 

Few changes were found in wetlands as they appeared on the topographic 
maps; however, several new non-f crested areas were located. Some of 
these were recent clearcuts (Hafker, 1980) . Others were expanding 
residential areas. 

The high altitude color IR film was studied on a light table to iden- 
tify forest cover types. The cover type categories--conif erous , de- 
ciduous, and mixed forests--were based on uniform units that could 
be differentiated on the photographs and were more general than the 
cover types used by foresters. The relatively small scale of the 
photos precluded finer delineation of the cover types. 



Landsat color composite transparencies were used to confirm identi- 
fication of cover types. Winter images were especially helpful in 
identifying conifers. After all available land was assigned to 
forest cover type classes » areas were measured using a one hectare 
grid. 


Results and Discussion 

Three map overlays were produced. Map One shows the three forest 
cover types on potentially available land. Map Two shows the land 
conditionally excluded due to slopes greater than 15%. Forest in- 
dustry owned land boundaries are also shown on this map. Map Three 
shows excluded land — wetlands, water bodies, non-forested land, and 
Forest Preserve land. These overlays cam be used together or separ- 
ately. 


Land Area Estimates 


Thirty-seven percent of the land within 30 km of Tupper Lake, total 
2 

1056 km is forested land potentially available to supply wood to a 
power plant. Analysis of color IR photography and Landsat images 
shows this to be composed of 51% mixed, 39% deciduous, and 10% con- 
iferous forests (Table 2) . 


Table 2. Estimates of potentially available land 
in three cover types 
in the four counties of the study area. 


County 

Coniferous 

Deciduous 

Mixed 


Total 

% of Total 

St. Lawrence 

2,710 

ha. 

14,380 

ha. 

27,210 

ha. 

44,300 

ha. 42 


6,690 

acres 

35,550 

acres 

59,830 

acres 

102,070 

acres 

Hamilton 

4,880 

ha. 

9,370 

ha. 

11,260 

ha. 

25,510 

ha 24 


12,060 

acres 

23,140 

acres 

27,810 

acres 

63,010 

acres 

Franklin 

2,940 

ha. 

16,540 

ha. 

15,370 

ha. 

34,850 

ha. 33 


7,260 

acres 

40,870 

acres 

37,990 

acres 

86,120 

acres 

Essex 

10 

ha. 

760 

ha. 

170 

ha. 

940 

ha. 1 


30 

acres 

1,870 

acres 

420 

acres 

2,320 

acres 

Total 

10,540 

ha. 

41,050 

ha. 

54,010 

ha. 

105,600 

ha. 


26,040 

acres 

101,430 

acres 

126,050 

acres 

253,520 

acres 

% of Total 

10 


39 


51 





Source: Interpreted from high altitude color infrared aerial photographs. 


Complete data on the location of industry owned land was not avail- 
able, however International Paper Company lands within the study area 
are shown on Map Two. The total amount of International Paper Com- 
pany land in the study area is 23,540 ha. The breakdown of this land 
into the cover types in each county is shown in Table 3. 


Table 3. Land area aimed by International Paper Co. 
Included in the potentially available land base. 


County 

Coniferous 

Deciduous 

Mixed 


Total % 

of Total^ 

St. Lawrence 

840 

ha. 

4,040 

ha. 

7,150 ha. 

12,030 ha. 

27 


2,090 

acres 

9,970 

acres 

17,660 

acres 

29,720 acres 


Hamilton 

840 

ha. 

2,790 

ha. 

3,290 

ha. 

6,920 ha. 

27 


2,070 

acres 

6,890 

acres 

8,140 

acres 

17,100 acres 


Franklin 

540 

ha. 

1,740 

ha. 

2,310 

ha. 

4,590 ha. 

13 


1,330 

acres 

4,300 

acres 

5,720 

acres 

11,350 acres 


Essex 

0 


0 


0 


0 


Total 

2,220 

ha. 

8,570 

ha. 

12,750 

ha. 

23,540 ha. 

22 


5,490 

acres 

21,160 

acres 

31,520 

acres 

58,170 acres 



The values for total area used to calculate percentages are from the appropriate 
column in Table 2. 


Most of the potentially available land is within St. Lawrence, Franklin, 
and Hamilton counties. Less than 1,000 ha lies in Essex County. The 
greatest amount of deciduous forest is in Franklin County (16,540 ha) 
while Hamilton County has the most coniferous forest (14, "380 ha) . The 
amount of land excluded by the 15% slope limitation is shown in Table 
4 and is 34,220 ha. The land in the study area which was excluded 
because slopes were greater than 15% was 32% as much as the potentially 
available land. 


Table 4. Land area excluded because slopes exceeded 15%. 


St. Lawrence Hamilton Franklin Essex 


Total 


9,180 ha. 
22,700 acres 


8,7 80 ha . 
21,680 acres 


15,170 ha. 
37,490 acres 


1,090 ha. 
2,690 acres 


34,220 ha. 
84,560 acres 


Data Limitations 


Although the entire study area (except for a small piece in the north- 
west corner) was covered by high altitude color IR photography, no 
single flight covered more than 50% of the study area (Figure 1) . This 
caused some inconsistency in classification of land cover types. Cov- 
erage overlapped enough, though, that differences in the images (due 
to season of coverage or film development) could be overcome. 



LEGEND 

1 = Color Infrared (High Altitude Aircraft) April 1973 

2 = Color Infrared [High Altitude Aircraft) June 1979 

3 = Color Infrared (High Altitude Aircraft) May 1974 

4 = Landsat July 1973 


Figure 1. Extent of remote sensing coverage of 

the study area (30 KM radius from the 
Village of Tupper Lake) . 


Anotner inconsistency wnicn couia not oe aa^ustea ror was tne aizzer- 
ence in date of coverage. Fifty percent of the area was classified 
using June, 1979 photographs, whereas the other half was done using 
older (April 1973 and May 1974) photographs. Consequently, one half 
of the final product is up-to-date while the other half of the in- 
formation is six to seven years old. This is only critical where 
stands have been clearcut. The areas classified using the various 
dates of photography are shown schematically in Figure 1. 

The ease with which conifers and deciduous trees could be differen- 
tiated varied with the season of photography and no doubt affected 
the accuracy of classification. The older (1973 and 1974) photog- 
raphy was taken in the spring vdien deciduous trees were bare and 
conifers could be identified easily. On the other hand, it was easier 
to detect the presence of deciduous trees in the leaf-on condition on 
the June 1979 photography. 

Landsat color composite images were studied to aid identification of 
forest cover types. Conifers were especially noticeable on the Jan- 
uary 1973 image. Landsat images were the only source available in 
a small portion of the study area (Figure 1) . 


Assumption Made in zhe Classification Process 

The assumptions made in classifying land in order to exclude non-avail- 
able land should result in a conservative estimate of the land base. 

The exclusion of land greater than 15% slope is more restrictive than 
that put on conventional sawtimber harvest. This restriction was used 
since there is less experience in the Adirondacks with the more mech- 
anized harvesting systems likely to be used for fuelwood harvests. 

The ecological effects of more complete removal of tops' and cull trees 
are incompletely known, so a cautious approach seemed justified. 

Methodology of Fuelwood Estimation 

The land area estimates of forest cover types do not provide estimates 
of the fuelwood available. Applying average per acre values to the 
land base for growing stock volume and annual removals from the Forest 
Survey (Ferguson and Mayer 1970) , and data from studies of gross growth, 
percent cull, mortality (Ferree and Hagar 1956) and weight of woods 
in tops of trees (Monteith 1979) allows estimates to be made of pre- 
sent growing stock volume and annual growth. Assuming average BTU and 
moisture content, the ability of the available timber resources to 
supply a wood-fired power plant under different management schemes 
can be assessed. 


Methods and Materials 


Sources of Information 


The 1970 Forest Survey of New York (Ferguson and Mayer, 1970) was the 
primary source of mensurational data available for the study area. 


Average data for each county were calculated and used. The figure 
for annual removals from the Northern Region was used. 

Estimates of gross annual growth, mortality, and cull percent were 
obtained from a study of timber growth rates of natural stands In 
New York (Feree and Hagar, 1956) . An estimate of the weight of branch 
material from tree tops was obtained from work by Monteith (1979) . 

An annual fuelwood demand of 86,460 green tons for a 10 MW power 
plant was estimated according to the method used In a feasibility study 
for a wood-fired power plant In Vermont (Rich and Bauer, 1975) . 

Gross Volume Estimates 

Definitions of growing stock volume vary between studies. In this 
section an estimate of the growing stock volume In the study areas, 
as of 1968, is made using data from the Forest Survey. Average vol- 
ume per acre In each forest cover type (as defined in the Forest Sur- 
vey) was calculated by dividing total volume in a cover type in a 
county by the acreage in a cover type in that country. Thus, growing 
stock volumes per acre were calculated for pine, spruce-fir, other 
softwoods, oak, elro-ash-red maple, roaple-beech-birch and aspen-birch 
cover types in each county. 

The volumes per acre, given in Table 5, appear reasonable in that they 
are the same as volumes for poletlmber stands (Feree and Hagar, 1956). 
Actual distributions of stand size classes are given in Table 6. More 
than half the area in Essex and Hamilton counties is in sawtimber 
stands, and about half the area in St. Lawrence and Franklin counties 
is in seedling and sapling stands. Therefore, the use of average 
volume per acre probably underestimates volume in Essex and Hamilton 
counties, and overestimates volume in the other two counties. Since 
the actual distribution of stand size classes in our study area was 
unknown, the significance of the bias cannot be assessed. 


Table 5. 


Average volumes per acre of Forest Survey cover types (x 10 


3 


cubic feet) . 


county 

Pine 

Spruce- 

Fir 

Other 

Softwoods 

Oak 

Elm- Ash- 
Red Maple 

Maple-Beech- 

Birch 

Aspen- 

Birch 

St. l^rence 

mm 


mom 

0.79 

0.67 

0.75 

0. 32 

Hamilton 

1.19 

:.15 

1.55 

0,92 

0.73 

l.OO 

1.19 

Franklin 

1.02 

0.81 

1.2 

0.81 

0.71 

0.83 

0. 36 

Essex 

wwm 

00 

eH 

«i-4 

1.56 

0.88 

0.83 

1.02 

1. 13 


Source; Calculated from Tables 82 and 86 in Ferguson and Mayer (1970). 







Tabl« 6. P«rc*nta 9 «s of land araa in tha study araa 
countiss in thras stand sisa classas. 


County 

Sa%ftinber 

Poletinfcer 

Sapling/ 

Seedling 

St. Lawrence 

26 

19 

46 

Hamilton 

57 

15 

27 

Franklin 

29 

20 

43 

Essex 

54 

17 

28 


Sourcat Tabla 81 in Farguson and Mayar (1970). 

Notat Figuras do total to 100% bacausa sons land in 
category of "other" is not shown. 


A volume per acre figure was obtained for three classes of forest 
cover types (i.e., coniferous, deciduous, and mixed) by combining 
the values for the Forest Survey types. The coniferous class in- 
cluded pine, spruce-fir, and other softwoods, and the deciduous 
class included oak, elm-ash-red maple, maple-beech-birch, and aspen- 
birch. Volume per acre for the mixed class was taken as the aver- 
age of the values derived for the coniferous and deciduous classes. 
Values used were weighted averages of the values from the appropriate 
Forest Survey types. Weighting factors were derived on the basis of 
the acreage in each Forest Survey type in each county. Table 7 
shows the weighted volume per acre, the growing stock volume in each 
county, and the weight of the growing stock. 

Gross Fuelwood Estimates 

Gross volume in 1980 can be estimated using the values for cull per- 
centage, mortality, and gross growth given by Ferree and Hagar (1956) 
and the annual removal figure for the Northern Region from the Forest 
Survey. This represents the volume of all trees at or above the min- 
imum diameter at breast height (dbh) before deductions are made for 
cull. Since the 1968 gross volume estimates made from Forest Survey 
data do not include cull, substantially more material might be avail- 
able. 

The 1980 gross volume was estimated from the 1968 volume, using Method 
2 of Ferree and Hagar (1956) for Growth Region B. They gave tabled 
values of total gross growth (including cull) per acre per year by 
growing stock volume classes. They defined gross growth as gross 
accretion (the increase in timber volume due to the growth of trees 
at or above a minimum dbh at the beginning of the growth period, ex- 
pressed as an average annual rate per acre over 10 years) , plus gross 
ingrowth (gross volume of small trees attaining minimum dbh during 
the growth period, expressed as an average annual rate over a 10 year 
period). For each year, gross growth was read from the table and 
added to the beginning volume (i.e., volume from the previous year). 
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Annual mortality is also provided by Ferree and Hagar (1956). This 
was subtracted from the gross volume. An annualized removal estimate 
for the Northern Region, which included the study area, was taken 
from the Forest Survey and subtracted from the gross volume. The re- 
sult is the gross volume at the end of the period (one year) , which 
is also the starting volume of the next period. This procedure was 
repeated for each year between 1968 and 1980, for each covet type in 
each county. The 1980 Gross Volumes are given in Table 8. The weight 
of woody material was calculated in order to convert to energy values. 

Average values for conifers (27 Ib./ft^) and decidix>us trees (32 lb./ 

ft^) were obtained from the literature and the average of these (29.5 

lb. /ft ) was used for mixed forests. These values are for green wood. 


Table 8. 1980 Gross Volume estimates in cubic fee*-. Projection from 1968 

Gross Volume, less annual mortality and removals between 1968- 
1980. Includes cull material but not tops and branches. 


County 

Coniferous 

Deciduous 

Mixed 

Total 

St. Lawrence 

10,426,000 

35,546,000 

76,644,000 

122,616,000 

Heunilton 

23,117,000 

34,114,000 

47,303,000 

104,534,000 

Franklin 

11,583,000 

44,830,000 

51,128,000 

107,541,000 

Essex 

50,000 

2,415,000 

693,000 

3,158,000 

Total 

45,176,000 

116,905,000 

175,768,000 

337,849,000 


The 1980 Fuelwood Weights in Table 9 include the weight of branches. 
An estimate of the weight of the bole plus tops and branches (to a 
3 inch diameter) was obtained from Monteith (1979). He gave values 
for conifers i."’ deciduous trees by diameter classes. An average 
value for each cover type in each county was derived by averaging his 
diameter class values into sawtimber and poletimber averages, then 
weighting these by the volume of growing stock in each stand size 
class (sawtimber, poletimber, and seedling/sapling) in a county. 


Results and Discussion 
Available Fuelwood Estimate 


The weight of wood on available land in 1980 is given in Table 9. 

The upper value in each category is without a correction for tops, 
while the lower value includes it. These values are conservative as 
they do not include weight of stumps (which can be considerable for 
large trees) , nor do they include material such as non-commercial 
species and brush. To put these figures into relief, assume that the 
entire weight is available for harvest and could be used for fuel. 


Assuming an average value for BTU/Ton green wood of 10.5 million 

(Tillman* 1978) * there would be 6.94 x lO^^BTU available. Using an 
annual fuelwood demand of 86*460 tons (see Appendix)* the wood in 1980 
could supply a 10 MW power plant for more than 75 years. It is un- 
reasonable to assume this wood is available and should be diverted to 
supplying a power plant* nor is it necessary to consider such an ex- 
treme situation. 


Table 9. 1980 

Weight of wood volume in tons, 

, using 1980 Gross 

Volume 

estimate from Table 

7 (upper value 

in each category) 

, corrected 

for weight of tops 

(lower value). 

Volume to weight 

conversions 

from 

Tillman (1978) 

• 



County 

Coniferous 

Deciduous 

Mixed 

Total 

St. Lawrence 

140,800 

568,000 

1,130,500 

1,840,100 


192,700 

720,600 

1,490,000 

2,403,300 

Hamilton 

312,100 

545,800 

697,700 

1,555,600 


414,100 

695,900 

907,700 

2,017,700 

Franklin 

156,400 

717,300 

754,100 

1,627,800 


215,000 

913,100 

998,500 

2,126,600 

Essex 

700 

38,600 

10,200 

49,500 


900 

49,200 

13,300 

63,400 

Total 

610,000 

1,870,500 

2,592,500 

5,073,000 


822,700 

2,378,800 

3,409,500 

6,611,000 

Top Weight 

212,700 

508,300 

817,000 

1,538,000 


Assuming all the material in the tops* the present cull, and mortal- 
ity (from now on) is available* then 2*367*930 tons are available 
(Table 10). This is enough to supply the plant for 27 years. This 
assumes that harvest removals for sawtimber and roundwood remain at 
1968 levels. An additional 50,000 tons should be available in sub- 
sequent years due to continued mortality. This estimate unrealis- 
tically assumes that top material can be harvested separateily from 
the bole. 

In order to determine whether sufficient material could be available 
indefinitely from annual growth* two approaches were ta);en. Estimates 
of annual growth after historic removals are given in Table 11. Apply- 
ing these to the available land area yields an estimate of 116,660 
tons available yearly, 35% more than necessary. The annual growth 
rates were estimated from the increase in gross volume between 1968 
and 1980. 


Table 10 


Fuelwood available annually from cull# mortality 
and tops# in tons. 



Weight 

Mortality 

Height 

Cull 

Weight 

Tops 

Total 

Coniferous 

4,750 

30,500 

212,900 

248,150 

Deciduous 

20,290 

411,500 

508,400 

940,190 

Mixed 

25 , 590 

337,000 

817,000 

1,179,590 

Total 

50,630 

779,000 

1,538,300 

2,367,930 


Source: Values for available land (Table 2) used to estimate 

annual mortality# based on average annual mortality 
per acre of 135# 125# and 130 cubic feet for conifer- 
ous# deciduous# and mixed# respectively. Gross 1980 
volume from Taible 8 was used to estimate cull using 
5# 22# and 13 percent cull on a volume basis for con- 
iferous# deciduous, and mixed, respectively. Weight 
of tops was obtained from Table 9. 


Table 11. Weight of annual growth, tons per year. Growth includes cull and 
mortality after deduction is made for annual removals. Net growth 
rates estimated from increase between 1968 and 1980. 


County 

Net Growth Rates 
ft Vacre/year 


Weight of Net Growth, 
tons/year 

Total 

Coniferous 

Deciduous 

Mixed 

Coniferous 

Deciduous 

Mixed 

St. Lawrence 

50 

18 

34 

4,520 

10,240 

30,000 

44,760 

Hamilton 

59 

23 

40 

9,600 

8,520 

16,410 

34,530 

Franklin 

51 

19 

34 

5,000 

12,420 

19,050 

36,470 

Essex 

62 

21 

40 

20 

630 

250 

900 

Total 




19,140 

31,810 

65,710 

116,660 


The second approach used regional net growing stock growth rates from 
the Forest Survey# corrected for cull and top weight (Table 12) . Net 
growth here means accretion plus ingrowth# minus mortality and cull- 
An estimated 97,250 tons would be available annually# or just enough 
to supply the plant. 
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Table 12. Weight of annual growth, tons per year. Weight 
estimates include corrections for culls and 
tops. Growth Rates were estimated from growth 
in the Northern Region. 



Net Growth 
ftVacre/year 

Height of Net Growth 
tons/year 

Coniferous 

25 

12,460 

Deciduous 

12 

31,410 

Mixed 

18 

53,380 

Total 


97,250 


Source: Net growth rates were estimated from the rates for 

the Northern Region in the Forest Survey (Ferguson 
and Mayer, 1970). 


The estimated growth from the first method is higher than the second 
method, probably due to a combination of factors. The annual growth 
rates were for the Northern Region which included the Eastern Adir- 
ondacks. There was a decrease in growing stock volume in that unit 
between the 1950 and 1970 surveys (Ferguson and Mayer, 1970) that 
probably lowered the regional rate compared to the St. Lawrence- 
Northern Adirondack and Western Adirondack units (where the study area 
is located). Additionally, the amount of cull is probably underesti- 
mated in the second procedure by using the estimate of cull from 
Ferree and Hagar (1956) on the Forest Survey data. 

The estimated annual available fuelwood weight, using the Forest Sur- 
vey regional growth rates, is the sum of (cull available from net 
growth) + (annual mortality) + (weight of tops from cull and mortality) . 
This estimate is 79,750 tons per year (Table 13). To this amo\int 
should be added top and stump residue from sawlog harvests, and a por- 
tion of the accumulated cull plus other thinnings. Thus, even the 
most conservative estimation procedure shows that there should be suf- 
ficient fuelwood available within 30 km of Tupper Lake without dis- 
rupting conventional wood markets. 
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Table 13. Estimated weight of fuelwood available from annual 
growth. 



Cull 

Mortality 

Tops 

Total 

Coniferous 

440 

4,750 

1,810 

7,000 

Deciduous 

5,260 

20,290 

7,010 

32,560 

Mixed 

5,320 

25,600 

9,270 

40,190 

Total 

11,020 

50,640 

18,090 

79,750 


Source: Annual growth from Tcd)le 12 was xjsed to estimate cull 

and top weights; mortality weight is from Table 10. 
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Appendix. Calculation of annual fuelwood demand* 10 magawatt power 
plant 


The method is from Rich and Bauer (1975) , but the more conservative 
high heating value of 5250 BTU/lb. green wood (8000 BTU/lb. drywood) 
from Tillman (1978) is used. Fuelwood demand is given by: 


X tons 


10 MW 


lO^KW 

MW 


3413BTU 

KWHR 


8760 hours 
year 


lbs. 

5250 BTU 


ton 

T 


2x10-' lbs. 


(0.75) 


( 


0.247 


) 


where X » annual fuelwood demand in tons 
.75 = capacity factor 
.247 = overall plant efficiency 
MW = megawatts 
KW = kilowatts 
KWHR = kilowatt hours 
BTU = British Thermal Units 
lb = pounds 
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APPENDIX B 


Inventory of Coniferous Forests 
Near Bath, N.Y. 


Cornoll University 

REMOTE SENSING PROGRAM 

SCHOOL OF CIVIL AND ENVIRONMENTAL ENG1N'“ERING 
HOLLISTER HALL 
ITHACA, NEW YORK 14B53 
(607) 256-4330, 256-5074 

November 14, 1980 

Jack Kahabka 
Conservation Consultant 
155 East Morris Street 
Bath, N.y. 14810 

Dear Jack: 

At your request, v;e conducted a project to document the amount of 
conifer forests within 50 miles of Bath, N.Y., using existing 
remotely sensed data. This work, supported by NASA Grant NGL 
33-101-171, is now complete. This letter serves as our project 
report. • 

Problem and Approach to Solution 

A particleboard manufacturing firm is considering constructing a 
new plant in the Southern Tier near Bath, N.Y. A primary factor 
in assessing the feasibility of the plant is the supply of conifers 
and lov;-density hardwoods. Available informat Lon on forest 
resources is aggregated (the smallest unit for which data are 
reported is a county) and dated (New York--19;0, Pennsylvania — 1965). 

At your request, staff of Cornell's Remote Sensing Program 
estimated land area supporting conifers by in erpreting high 
altitude, color infrared aerial photographs an.d Landsat satellite 
images. The delineation of low-density hardwrods was not attempted 
as this poses a more difficult problem, recui.' ing larger-scale data, 
more ground-truth, or both, than were availab: j. 

Materials and Methods 

A study area v;as defined as a circle with a radius of 50 miles around 
Bath, N.Y. Several dates of NASA high altitude, color infrared 
aerial photographs (scale approxiiaately 1:120,000) were available for the 
northern half of the study area, in the Finger Lakes region. 

Photographs taken on 18 August 1978 (NASA/JSC Mission 387) were 
used because they were the most recent. Interpretation was done 
using a zoom stereoscope, and areas of conifers were delineated on 
acetate sheets. A grid with cell size of one square millimeter 
was used to tally the units. Scale was determined for each photo- 
graph and units converted to acres. 

High altitude photographs were available for only a small portion 
of the southern half of the study area. Several dates of Landsat 
images, however, were on ^le. A winter and a summer scene were 
examined, and these not only covered the area of interest but 
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overlapped the area imaged by the high altituua photographs. 

This was beneficial in that spectral characteristics of stands 
mapped as conifers on the high altitude photographs could be 
examined on the Landsat images » thereby training the interpreter 
to recognize conifers. 

The Landsat bands 5,6, and 7, corresponding roughly with the 
visible red and two bands in the near infrared portions of the 
electromagnetic spectrum, were used. Photographically enlarged 
positive transparencies of bands 5,6, and 7 wore placed in a color 
additive viev/er and registered with each other to provide a com** 
posite image at a scale of approximately 1:184,500. The color 
additive viewer allows blue, green, red, and white light to be 
shown through each of the transparencies separately by the use of 
filters. The resulting false-color image displayed on a viewing 
screen can be interpreted in a fashion similar to the interpretation 
of the high altitude photographs. Choice of colors, however, 
is arbitrary. The stands in the area with photographic coverage 
were examined using various filter combinations until conifers 
could be delineated confidently. The best discrimination was 
obtained with the winter scene (25 October 1973, ID# 1459-15221). 

A green filter was used on band 5, blue on band 6, and red on 
band 7. Conifers appeared as dark, reddish-purple. 

After the conifer stands in the southern portion of the study 
area were delineated, acreage was estimated uring a grid as 
described above. Luther Auchmoody, Research i'oroster with the 
USDA Forest Service Forestry Sciences Lab in V^arren, Pa. , was 
consulted regarding the interpretation of con • fer stands in 
northern Pennsylvania. He stated that conifers often are found 
along drainage ways, with few pure stands likely unless they are 
plantations. This supported the interpretati-. n of stands in the 
northern Pennsylvania part of the study area :'.s predominantly, but 
by no means solely, conifers. 

Results 

The total area in conifer stands within 50 miles of Bath, N.Y., 
was approximately 176,000 acres. Thirty-eight percent, or 
66,000 acres, are located in Pennsylvania. 


If I can be of help in answering questions about our methods 
or clarifying any points, please do not hesitate to contact me. 


Very tr'uly yours. 



p'k 

^ ‘.'Af.rry 


cc: Ta Liang 

Warren Philipson 


A, Stanturf 
Research Associate 
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SMALL SCALE REMOTELY SENSED DATA FOR 
MONITORING CLEARCUTTIMG IN PENNSYLVANIA HARDWOOD FORESTS 


A Thesis 

Presented to the Faculty of the Graduate School 
of Cornell University 
in ’artial Fulfillment for the Degree of 
Master of Science 


by 


William Robert Hafker 
August 1980 


ABSTRACT 


The value of various types of high altitude aircraft and satellite 
remotely sensed data for monitoring clearcutting in predominemtly 
hardwood forests was assessed. Manual photo-interpretation techniques 
were used to analyze images acquired by high altitude aircraft, the 
Skylab Multispectral and Earth Terrain CEmera ( ETC ) , the Landsat 
Multispectral Scanner (MSS) and the Landsat-3 Return Beam Vidicon 
Camera. Landsat MSS imagery was also analyzed using a color-additive 
viewer, and by digited image analysis. The value of each type of 
remotely sensed data was Judged by the ease and accxiracy of clearcut 
identification, and by the amoxint of detail discernible, especially 
regarding revegetation. 

Results of the comprehensive stu(Jy of a site in the Allegheny 
National Forest, Pennsylvania, indicate that high altitude aerial photo- 
graphy, especially color infrared photography at scales of 1:130,000 
and 1:1*30,000, acquired during the growing season, is well suited for 
identifying clearcuts and assessing their revegetation. Although 
photographs acquired with Skylab 's ETC also yielded good results, only 
incomplete inventories of clearcuts could be made using Landsat imagery. 

A less comprehensive assessment of the utility of these small 
scale data sovirces for clearcut monitoring in the Adirondack region of 
New York State yielded similar results for the aircraft and satellite 
photography, but even less satisfactory results with Landsat imagery. 


Based on the findings of this study, procedures were outlined 
for the development of methodologies for clearcut monitoring using 
small scale remotely sensed data. 
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1. IMTROPIBTIOM 

1.1 Stfcfawat of Proiblm 

ni«re it mteh ^E^tturt being i^tetd on today's forttt retourett. 
Wood pulp is needed to bsIm peper*, lunger is needed for the emistructimi 
of bosMS for our groving population; and la the face of steadily 
decreasing supplies and increasing prices of oil, vood is beeoning a 
significant source of fuel. It is anticipated that the deaaad for all 
tiaber products viU increase 8lS over 1970 consuaptlon in the year 
2000 » vith the deaaad for hardvoods increasing by 13^S (USOiA Forest 
Service t 1973). 

In addition to the use of fmrests for luaiber, they are also 
iJBportont for recreation, vildlife, and as vatersbeds. Fortunately 
our forest resources are renevable. and can continue to su^ly 
our needs if properly aanaged. Inforaatimi on the location, aaot»t, 
and regeneration of harvested lands is needed to allov for the vise 
aanageaent of our valuable tiaber resources. 

There is debate over the value of various harvesting nethods as 
they apply to specific forest conditions. One particular harvesting 
technique, known as clearcutting, has ceme under particularly heavy 
scrutiny. This method involves a nearly complete removal of all trees 
frcmi a parcel of land in cme cutting. It is both praised as a tiseful 
and efficient harvesting method for even>aged forest management, and 
condemned as a destroyer of watersheds, a killer of wildlife, and a 
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Mthod of "itrip ■iainc" our forooto (Shophord, 1979)* Duo to tte cooeora 
ovor olooreuttinf m » j^roetieo* tad oiapl/ to otrvo m oa aid to tho 
foroit load Boaoftr, it if iaportaat to bo obit to idmtify ai^ amitor 
cloareut loads. 

!Ibc ouitability of rorious typoo of oaoU sealo raootoly sonaod 
iao^ry, for tbo ideatificatioo aad a«BitoriB< of cloareut laado ia 
pred^naatly hardwood forooto, oad for aasosoiai thoir r ovo^ atioa** 
io inrosti^tod uoiag Mmiol oad eooQutor aidod todiaiqMo. A sito 
ia tho AUogiMoy Xatioaal Forost ia amrthvootom Fonn^lvtaia vao 
oeloctod for this study. A oocoad-groirth hardwood tormutt ootabli^od 
after cleareutting and buxuing between 1690 oi^ 1920, alaoot cospletely 
doninatei tho area (Marquis, 1979)* however, sosm urbaa and agricul* 
tural dovelopBont io present. 

Although Dost applicable to relatively hmogeneotts deciduous 
forests, it is felt that the infomatim ^ined on tl» utility of saall 
scale reaotely sensed data for the identification and a^nitoring of 
cloareut lands, and thoir differentiation firoa other land uses, is 
extendable to other forested regions where forest harvesting practices 
resove nearly 1(X)9 of the standing tiaiber, where toj^graphy is not 
extremely rugged, and where reflectance properties of the ejqKised soils 
and the miderstory vegetation are distinct from that of the aat\ire 


*For the purpose of this study "revegetatiem" will refer to the 

establisha^t of a vegetative cover on a cloareut area, and should 
not be effused with "regeneration** which ia^lies the establish^ 
nent of desirable tree species. 
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fortst ea&opgr. It !• hoptd tbat for«tt Maaftra will ^ albl* to 
UM tiM roaultt of tbit atudy, dlroetly or by oximpolatloo to tboir 
portieular fwoit tltuatioo, to drrtlov ■fpropriato attbodt of foroM 
hanroat aoBit«riaf uaiag omII aeala rttotaly a«iaad data. 

Ro attompt ia aiada to Judft tba valua or auit^ili^ of elaar- 
cutting at a allvieultural tool. Iba intaat ia to a aourea 

of inforaatira for tba idmtifieation wd araitoriag of tbo loeatira* 
a^UQt, aad geaaral e«iditi«i of elMtreut araaa tor uat Id aMkiag 
decisioaa by tboae peopla reaponaiblo fmr foraat MnagcBWt. 

1.2 0b.1activaa 

nta objactiTta of tbia atudy ara: (1) to aaaaia tha ralua of 

iwrioua typaa of high altituda aircraft photograpba, l^lab aatallita 
photographa, and Landaat aatallita iaagary with ra^rd to aanaor* aaaaou* 
and aeala « for tba identification and aonitorlng of claareut araaa« 
and (2) to dataraina auitabla aatboda for aaiintaining an inventory of 
claareut lands and tl^ir ravagatation using smU scale raaotaly 


sensed data. 
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2. himimm revibw 

2.1 Forest Harvesting 

Ibis study examines the use of small scale r«BOtely sensed data 
for identifying and monitoring clearcut forest lands, particularly 
in hardwood forests. It is necessary to mderstand clearcutting 
is, how it appears on the gro\md, and how it differs frcmt other har- 
vesting methods, as veil as scm^thing of the controversy surrounding 
its use, before one can appreciate the need for identifying and mon- 
itoring these areas, and approach the task in a credible manner. 
Information of this sort will be of most value to general remote 
sensing investigators, who, while understanding roaote sensing techniques, 
may be unfamiliar with forest harvesting methods, but who nonetheless 
may be required to perform investigations in heavily forested areas. 

2.1.1 Forest Harvesting Techniques 

Forest or timber larvesting as used in this report refers to 
the felling and removal of trees from the land on which they had been 
growing. Although each timber harvesting operation is unique, there 
are foiar broad categories into which harvesting methods can be 
grouped. The choice of method depends on such factors as the tree 
species, topography, available equipnent -*concanic considerations, 
emd regeneration requirements. 

The four nain timber hairvesting methods are selection or selective 
cutting, shelterwood cutting, seedtree cutting, and clearcutting. The 
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following descriptions of these methods aire derived from Stoddard (1978) 
and the testimony of Yurich (1973) before the Sub-committee on Public 
Lands of the House of Representatives. 

Selection cutting is a method whereby certain individual trees 
are harvested, while the rest cf the forest remains essentially 
undisturbed. Trees are selected based on their quality, position in the 
stand, and future potentied, but it is frequently the ease that the 
oldest and most mature trees are cut. !Ihe cutting operation is repeated 
when younger trees left in the stemd reach a harvestable size. This 
system is applicable to an all-aged or uneven-aged forest. 

Shelterwood cutting is a method used mostly in even-aged stands, 
whereby the stand is removed in two or more cuts over a period of years. 
Typically during the first, or preparatory cut, the defective and most 
mature trees are removed to open the stand for accelerated growth. 

The second, or seed cut, removes most of the timber, leaving only a 
few trees to provide seed and protection against the elements. The final, 
or removal cut, removes the remainder of the trees on the site, thereby 
opening it up for rapid growth of the already established regeneration. 

The appearance of a shelterwood cut after the removal cutting is 
similar to that of a clearcut after the establishment of regeneration. 

The seedtree harvesting method was considered by Stoddard (1978) 
to be a variation of clearcutting, but was dealt with as a separate 
harvesting technique by Yurich (1973). In this method a forested plot 
is heavily harvested in one cutting, leaving only enough trees to 
provide seed for the regeneration of the area. Yurich (1973) suggested 
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that six to ten trees be left per acre. After the regeneration is 
established the seedtrees are harvested. 

CleaoTcutting is defined as the removal of all trees from a parcel 
of land in one cutting. After a clearcutting operation there are no 
marketable trees left in the cutover area. There are basically two 
types of clearcutting systems; strip clearcutting and block or 
geometric clearcutting. 

Strip clearcutting is the removal of all saleable trees that 
were growing on parallel strips of land (Leak et al., I 969 ). Mechanical 
or chemical processes are sometimes used to remove all trees greater 
than two inches in diameter at breast height. The sequence described 
by Leak is one in which the first step involves the removal of trees 
from every third 50 to 100 foot wide strip of land in the area to be 
harvested. Two to foui- years later the second strip is cut. The third 
strip is cut two to four years after that. Parallel strips of deforested 
land are an almost certain indicator of strip cut lands. 

Block or geometric clearcutting is simply the removal of all of 
the trees from a forested area in large units, somewhat similar to 
the pattern of a cookie cutter punching cut portions of a piece of 
dough. These units often have geometric forms not common in a natural 
forest environment. Knowledge of this tendency is useful for identi- 
fying block clearcuts. 

2.1.2 Concerns Regarding Clearcutting 

During the past decade much controversy has developed over the 


use of clearcutting as a timber harvesting technique. It is considered 


by some to be a raping of forested lands. This is evidenced by the 
titles alone of such books as *'Ibe Clearcut Crisis" (Burk, 1970), 
"Clearcut, the Deforestation of America" (Wood, 1971), and "TOxe Forest 
Killers" (Shepherd, 1975). Shortly before 1972, looming Senator McGee 
introduced a bill to bar clearcutting on all federal lands for a 2->year 
period during which time the practice was to be evaluated (Gabriel, 

1972). On the other hand it is recognized by many that: "Given the 

right combination of both biologic conditions and economic conditions, 
i.e. where highly capital-intensive harvest and regeneration practices 
can be rationally employed, clearcutting can be defended as an optimal 
management practice." (Bolle, 1972, p. 65 ). It is also true that 
under certain circumstances cleeu:cutting is the most efficient method 
of establishing a desired type of regeneration. 

There is obviously truth in the statement that clearcutting has 
damaged certain forest land by being poorly executed in unsuitable 
areas; however, it is felt by others that a major reason for the 
criticism of clearcutting lies simply in the dislike of the admittedly 
devastated appearance of recently clearcut lands (Ward, 197^; 1975)* 

This devastated appearance is soon softened and eventually erased by 
the regeneration of the site. 

Tvight and Minckler (1972) claim that clearcutting should not 
be used as a harvesting method in northern hardwoods. Conversely, 

Ward ( 197 !*, p. 77) stated that, "Clearcutting in the hardwood forests 
of the Northeast is both biologically and economically a desirable 
timber producing practice when conducted as part of a vell-reg\ilated, 
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even-aiged management system.” This duality of opinion helps to indicate 
that further research needs to be done concerning the question of the 
value and effects of clearcutting. An important element in this task is 
the ability to qxdckly and efficiently identify and monitor clearcut 
areas throughout large regions, so that the amo\mt, location, and, if 
possible, the condition of the clearcut areas can be inventoried. 

Small scale remotely sensed data offers the large area coverage 
desirable for such an inventory. 

The actual, impacts of clearcutting on the soils, water, wildlife, 
timber, and aesthetics of Northeastern hardwoods in general, and the 
Allegheny region of Pennsylvania in particular, will be described in 
the discussion of the study site chosen for this research (Section 3.1.3). 

2.2 Remote Sensing Parameters 

In order to select the most suitable forms of small scale 
remotely sensed data for the investigation of clearcutting, it is 
necessary to consider certain parameters which are likely to effect 
the use of imagery for clearcut identification. Foremost among these 
parameters are the spectral sensitivity of the film or scanner being 
used, the scale and resolution of the imagery, and the season during 
which the imagery is acquired. A basic awareness of how these 
parameters relate to what a user observes on an image will increase his 
ability to understand why objects or areas of interest appear as they 
do. This information is most useful to the forest manager who is famil- 
iar with the appearance of a clearcut or. the ground, but who may be 
unfamiliar with the acquisition and interpretation of remotely sensed 


data. 
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2.2.1 Spectral Sensitivity 

A partlcTilar film or sceuming detector Is sensitive to radiation 
from only a small portion of the entire electromagnetic spectnim. How 
sensitive a film is at any wavelength is referred to as its spectral 
sensitivity. Different objects normally reflect different amounts of 
radiation at any given wavelength. They may therefore appear quite 
dissimilar on images acquired in different spectral regions. For any 
given source of radiation, objects whose reflectance is hi^ in the 
region being sensed will appear lighter on a positive image than objects 
whose reflectance is low. An object that can be identified as separate 
from its surroundings in one spectral region may not be identifiable 
in another (Reeves, 1975). 

There are four general types of films used in aerial surveys: 
panchromatic black-emd-white (B4W), black-and-white infrared (BIR), 
normal color (NC), and color infrared (CIR). Black and white films 
consist of a single emulsion of silver halide grains held in a gelatin 
matrix. The emulsion is sensitive to radiation from a target in the 
visible portion of the spectrum (O.U - O.Tym). Filters can be used 
to further restrict the region over which radiation is sensed. Black- 
and-white infrared films are also sensitive to radiation in the visible 
portion of the spectrum, but are additionally sensitive to radiation 
in the near infrared region (0.7 - 0.9um) (Kodak, 1972). 

Color films allow the user to view a photograph which represents 
a scene in the same way that it is seen by the human observer. The 
color film emulsion is composed of three layers, each of which records 
reflected radiation in only a portion of the visible spectrum. These 


three portions roughly correspond to blue, green, and red radiation. 
In Appendix A, Figure Al, it is shovn hov color is recorded on an NC 
film. 
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Color infrared films also have a three layer emulsion that is 
sensitive to independent portions of the electromagnetic spectrum^ 
however, the three bands of radiation that are recorded are the green, 
red, and near Infrared. On the final image, the green radiation received 
is recorded as blue, the red as green, and the near infrared as red. 

In Appendix A, Figure A2, it is shovn hov reflected radiation is 
recorded on a CIR film. 

The different film sensitivities and renditions of a scene can 
be exploited in order to improve ones ability to detect and delineate 
features of interest. In this study the features of interest are 
largely related to vegetation characteristics of the site in question. 

In Figiire 1 it is shown how CIR film might be more useful than B&W or 
NC film in distinguishing hardwoods, softwoods, and grass, since it 
records radiation in a region where atmospheric scattering is very low 
and the reflectance differences of the classes of interest are greatest. 

Multi-lens or multiple cameras are sometimes used when it is 
desirable to obtain simultaneous coverage of an area in more than one 
spectral range. Different film/filter combinations are used to obtain 
■data in the several spectral regions of interest. 

Multispectral scanning radiometers (scanners) also collect 
radiation of selected wavelengths; however, the image is not recorded 
directly on film, but rather on a magnetic tape or cathode ray tube 
from irtiich a photographic image can be produced. Energy from a target 
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Figure 1: Spectral sensitivity of normal col'^r and color infrared 

film, with atmospheric scattering diagram, and vegetation 
reflectance spectra; demonstrating the usefulness of color 
infrared film in- differentiating between fir, birch, and 
grass. (From Sabins, 1978) 
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enters the scanner and is split into various portions of the spectrum^ 
by use of a grating and prism. By placing detectors in the proper 
positions within the instrument^ the various bands or channels of radiation 
can be sensed independently. Ihe spectral sensitivity of a scanner 
describes where in the electromagnetic spectrum a scanner is sensing 
radiation, and how finely it can record the variations in radiation 
being received. Spectral resolution refers to the width of the spectnm 
being sensed. 


2.2.2 Image Scale and Resolution 

The scale of a photograph is the ratio of a disteince on the 
photo to that same distance on the ground. Scale is not uniform 
throughout a photo, due to veuriations in elevation over the area 
depicted or due to tilt in the camera at the time of the photography. 

For convenience, an average scale is often calculated for the photograph. 
This average scale can be expressed by the equation 


avg H - h 


avg 


where is the average scale, f is the camera focal length, H is 

the flying height above dat\im, and h is the average terrain elevation. 

® * O 

As the flying height becomes greater, changes in terrain elevation begin 
to have less and less effect on the photo scale (Wolf, 197^). 

Spatial resolution refers to some measure of the optical quality 
of an image produced by a sensor. For a photographic film, the spatial 
resolving power can be expressed as the number of line pairs per 
millimeter that can be distinguished on a photo. Although the amount 
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of Information contained in a photo is limited by its spatial resolution) 
magnification may allow an analyst to observe featvires recorded on 
the film that are too smadl to be seen with the naked eye. For an 
image acquired with a scanner* the spatial resolution is governed by 
the scanner's height and instantaneous field-of-view (IFOV). The IPOV 
refers to the solid angle inside which radiation is sensed by the 
detector. It defines the smallest area that is independently sensed. 

Scale is an important consideration in any usage of remotely 
sensed imagery* since it affects an image's spatial resolution. The 
scale of the image must be large enough to allow one to distinguish the 
object of interest from its surroundings. This ability to resolve an 
object will obviously also be restricted by the inherent resolution 
capability of the sensor used to acquire the image. This is demon- 
strated in Table 1 which shows how scale and film tyx>e interact to 
determine the identif lability of various features. 

2.2.3 Season 

Season is an is^rtant consideration* especially in remote 
sensing studies involving vegetation. For best results it is impor- 
tant to select a time of year when the features of greatest interest 
are most discernible. An example in forestry is in the differentiation 
of softwoods from hardwoods. During the fall and spring* when hardwoods 
are leafless* they are more easily distinguished from the conifers* than 
in the simmer when both tree types have leaves. In winter this contrast 
may be masked or enhanced by snow. Image acquisition should be scheduled 
for the season when the greatest contrast occurs between an object of 



Table 1: Feasibility of identifying various natural resource features on aerial and space pbotogr^liy 

with various film types and scales. LEGEND — ++ - generally and easily identifiable; 

+ - generally identifiable^ but often requiring very close study; - - inconsistently 

identifiable; unidentifiable; Pan - black & white; IR - black & white infrared; 

Ekta - natural color; IR Ekta - color infrared (Fron Colwell, 1968) 


interest and its surroundings. 


2.3 Remote Sinslng Systems 

2.3.1 Aerial Photonrsidiy 

Aerial photography is acquired with film-holding cameras that 
are mounted on conventional or high altitude aircraft. Familiarity 
with i^otographic methods and products, and the high resolution 
capabilities of photographs, has led to the extensive use of aerial 
photography for forest surveys. Aerial photography has been used for 
forest inventory, classification, volume estimation, damage assessment, 
and management (Reeves, 1975). 

2. 3. 1.1 Previous Uses of Aerial Rtotograbhy for Forest Harvest 
Monitoring 

‘Hie ability to monitor forest harvesting using large scale 
aerial photographs has long been established, ^e Roranda, Quebec, 
division of the Canadian International Paper Coapany discontinued the 
use of groxind traverses to monitor cut-over areas in 1956 in favor of 
1:15,81*0 scale aerial photographs. These were found to be both more 
accxirate amd economical than the ground traverses (Catto, 1965). 

The fact that 1:15.81*0 scale photos are sufficient to allow for tree 
species identification by determining crown shape from tree shadows 
(Sayn-Vlttgenstein, 1978) would imply that openings in the forest 
canopy resi0.ting from clearcutting should be clearly visible. A 
square 1/2 hectare clearcut woxild be between 3 and 1* mm square on a 
1:20,000 scale photo. Not only can clearcuts be identified at these 
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ical«8, but the distribution of elath within then can be napped (Norris* 
1970; Meyer et al.* 1971)* 

Although it is clear that large scale aerial photography can 
provide both accurate and economical information on the locatiMt and 
condition of harvested areas* it is not clear how well small scale 
imagery can be used to identify and monitor clearcuts in priamrily 
hardwood forests. The successful application of small scale imagery 
woxild make investigations of large areas more rapid and economical 
in comparison to Investi^tions relying on large scale Imagery. 

In a study about the suitability of 8mt:'<.l scale photography 

for forest harvest monitoring, Vightman (1972) found that stereoscopic 

viewing of CIR photos, taken during the r'*amer at a scale of l:l60,000, 

was suitable for recording the changes i > the forest resulting from 

logging activities. The strip clearcuts, 100 feet (30 m) in width, 

slash debris, skid trails, truck roads, and landings were all visible 

2 

on the photos. When the images were enhanced on an I S Diglcol Viewer, 
a single channel image evaluation system providing density slicing with 
false-color enhancement, Vightman was able to identify the progrer-&;ion 
of logging based on the subtle reflectivity differences between recent 
cuts where mineral soil was exposed, and previously logged areas where 
regrowth was well established. 

Relatively small changes in cutting boundaries in blackspruce 
stands in Minnesota were identified on 1:120,000 scale, CIR ^otographs. 
The same relatively small (7 to 10 ha) recent cuttings were detectable 
on 1:500,000 scale, 70mm, B4W and BIR photos (Reeves, 1975). 
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In order to test the usefulneis of eBall scale photography » 

Rudd (1971) created a 1:U00»(K)0 scale photoaosaic of portions of Oregon 
sad Washington from 1:60,000 scale ^otogra^. On this simulated 
small scale imagery he found that he was able to detect cut-over lands 
due to their distinct spectral signatures, but found them hard to 
differentiate from bumed-over lands. 

Aldrich (1975* P« 39) offered the opinion that "land-use changes, 
regardlesfi of their size, can be detected on 1: 120,000-scale Aerochrome 
Infrared (CIR) film." In his study, he was able to detect harvesting 
and silvicultur**! cutting, land clearing, nat\u*al regeneration, and 
artificial regeneration, as veil as other disturbance classes, on CIR 
images of Georgia taken at a scale of 1:120,000 in the month of June. 
Clearcutting and seedtree cutting could be detected up to 8 years after 
harvest. Selostive logging or improvement cuttings were diffic\ilt to 
detect after 2 years. 

The confidence of researchers in the ability cf determine land 
uses, including clearcutting, on photography at a scale of approximately 
1:120,000, is demonstrated by their use of it as one source of data 
against which to compare the accuracy of even smaller scale imagery 
(e.g. Lee, 1975; Aggers and Kelley, 1976). 

2.3.2 Satellite Sensors 

For the purposes of this study, "satellite sensors" refers 
to remote sensing instruments, including photographic cameras, return 
beam vidicon cameras, and multispectral scanners, carried on earth- 
orbiting platforms. Data collected by sensors on the laanned Skylab 
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satellite and the unmanned Landsat satellites (formerly Earth Resources 
Technology Satellite, ERTS) is examined for its suitability for 
identifying and monitoring clearcutting in hardwood forests. 

2. 3.2.1 The Skylab Program 

The IMited States National Aeronautics and Space Administration's 
(NASA) Skylab program was the largest manned space station ever 
placed in orbit. It was used to conduct astronomical, biological, 
materials, and earth resources experiments. The station was manned 
during the spring, summer, and fall of 1973. The information pertinent 
to the present investigation is the remotely sensed data acquired with 
the Earth Resources Experiment Package (EREP). Much of the imagery 
that was obtained was acquired for specific and predetermined studies; 
however, its usefulness for other applications should not be overlooked 
and may be viewed with renewed interest since in the mid-1980's the 
Space Shuttle’ will again offer the opportunity to acquire space 
photography. The following information on Skylab is taken from NASA 
(197^*) and Sabins (1978). 

The Skylab satellite was launched into orbit on May lU, 1973. 

It orbited the Earth at an altitude of U35 km and had an orbital path 
with 50® inclination. This allowed for the acquisition of imagery 
of the Earth between 50® north and south latitudes. Due to the natvire 
of its orbit, Skylab ccmipleted one revolution in 93 minutes, and passed 
over the same ground point every five days. 

The EREP sensors located onboard Skylab included a multi- 
spectral camera and an earth terrain camera, together comprising the 
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multlspectral photographic facility; a thirteen channel multiapectral 
scanner; an infrared spectrometer; a microwave radiometer » scatterometer , 
and altimeter; and an L-Band microwave radiometer. Only the mxilti- 
spectral photographic facility and the multiapectral scanner were 
imaging sensors. All films and magnetic tapes were brotight back to 
earth for processing. This discussion will focus on the two coiqtonenta 
of the multlspectral photographic facility since no imagery of the study 
area was acquired by the multlspectral scanner. 

The mtilti spectral photographic camera (MSC) assembly consists of 

six high-precision, optically matched, mounted, and boresighted 

cameras. Various types of TOmm films and filters were used to produce 

information in wavelength beinds between O.U and 0.9 um (Table 2). The 

2 

gro\ind coverage of one photograph is l63 km . The scale of the original 
photos is 1:2,850,000, and can be enlarged more than 10 times with 
little loss of detail. Estimated resolution of the original films, 
and estimates of the resolution of second generation reproductions, 
are compiled in Table 2. 

The earth terrain camera (ETC) consists of a single camera 

2 

sighted so as to photograph an area 109 km within the larger field of 
view of the raultispectral camera. B&W, NC, and CIR photographs were 
obtained on 11. U cm films. The nominal scale of the photographs is 
1:950,000. Enlargements of 10 to 20 tiroes can be obtained without 
severe loss of information (Welch, 1976). Table 2 gives the estimated 
resolution of the original films, and estimates of the resolution of 
second generation reproductions. 
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Table 2: Skylab film characteristics. 

LEGEHD : MSC - multispectral camera; ETC - earth terrain camera; NA - not available 

* - From Eastman Kodak Co.; ^ - at low contrast; # - From NASAy 1S>7^; 

*» - From Welch, 197U, 1976; - resolution losses attributed mostly to 

properties of the duplicating films. 
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2.3«2.2 Previous Uses of Skylab Photography for Forest Hairvest 
Monitoring 

Sayn-Wittgen stein (1977) noted that relatively little vork had 
been done on the utility of Skylab photography for forestry applications. 
For this reason it is useful to review the analysis of Apollo 9 
multi spectral photographs, which are similar in scale and film type to 
those produced by Skylab. Aldrich (1971) found that Apollo 9 CIR 
photographs were by tar the best for separating forest from non- forest 
land uses in several study areas in the southeastern U.S. The usefulness 
of the other films examined, in decreasing order, was as follows; 

B&W film filtered to detect red radiation, BIR film, and B&W film 
filtered to detect green radiation. A forest area needed to be 90 m 
in its shortest dimension in order to be detected on a photo. Colwell 
and Lent (1969) reached a similar conclusion regarding the relative 
merits of CIR and B&W films from Apollo 9, but they also felt that if 
B8tW multispectral photos verc combined and enhanced, the information 
derivable was roughly equivalent to that from the CIR film. 

A study by Aldrich et al. (1976) was designed to examine Skylab 
data for forest inventory; however, only one pair of ETC color photos 
taken in November 1973, and one multiband false-c:;lor composite of eui 
MSC scene taken in September 1973 were examined. The photos and the 
composite were examined monoscopically by conventional photo-interpretation 
techniques at scales of 1:250,000 and 1:500,000. The ETC photos were 
also viewed stereoscopically. It was found that 'he scales and photo 
types had less effect on the accuracy of evaluating forest resources 
than expected; however, stereoscopic viewing was found to be helpful 
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in increasing the confidence in classification. Computer maps were 
generated by scanning an ETC photo with a microdensitometer » and 
recording the digitized optical densities on tape. The map was then 
produced by a computer system developed at Pacific Southwest Experiment 
Station, using the nearest neighbor theoi*y. "Cutover land" was one 
of nine classes identified. No ground data were available regarding 
the amount and location of the cutover lands and so no accuracy 
check could be made; however, accuracies in discriminating forest from 
non- forest ranged from Jk to 93!f. 

NASA ( 1978 ) reported that it is feasible to differentiate major 
timber classes, including "cut", through density-slicing analysis of 
MSC and ETC natural color eind color infrared photos , provided that they 
are at scales of 1:2U,000 or greater. 

MSC composites were found to be nearly as effective ais individual 
ETC films in a land use study, which included forest categories in 
central Nev York (Hardy et al., 1975). Color ETC photos were considered 
superior in terms of interpretation preference, while ETC BiW photos 
had the best resolution properties. 

Ciearcut areas in Do\iglas-fir stands coxild best be identified 
on CIR photos, on which they appeared blue due to low IR reflectemce. 
Photographic enhancement of B&W images, by an image ratioing technique, 
which enhances certain spectral bands while suppressing others, 
allowed for better observation of the clearcuts, as well as some 
assessment of their condition based on subtle variations in color 
(NASA, 1971 * ). 
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Carnegie s^'* ^Ine (1977) reported that Skylah crevnen experienced 
difficxilty in distinguishing between different forest cover types, 
but that they could distinguish boxmdary lines of clearcuts, especially 
in Washington State and in New Zealand idiere clearcuttlng produced 
distinctive blocks in uniform areas of conifers. Snow cover helped 
make the clearcuts in Washington more visible. 

These previous studies leave some doubt as to the usefulness of 
Skylab photography for the monitoring of clearcut areas. The resolution 
of the photographs may make them inadequate for detailed clearcut 
monitoring. The limited nvunber of studies performed using this data 
source may edso reflect a lack of usefulness; however, it may simply be 
a result of the greater interest on the part of investigators to 
examine the usefulness of the coverage provided regularly by Landsat, 
rather than the non-repetitive covereige of Skylab. It is necessary to 
evaluate the usefulness of satellite photography for clearcut identifi- 
cation, since beginning in the mid-1980's the Space Shuttle will again 
make available, on a possibly repetitive basis, new space photography. 
The Large Format Camera (LFC) is intended to provide photos covering 
225 by !<50 km per frame at a scale of 1:1,000,000 (similar to the ETC) 
and a resolution of 15m (l to 2 times improvement over the ETC 
depending on film type) (Doyle, 1978). 

2. 3.2. 3 The Landsat Satellite Program 

NASA's first Earth Resources Technology Satellite was put into 
earth orbit on July 23, 1972, and designated ERTS-1. Since that time 
one or more such satellites, renamed Lsmdsat , have been continuously 
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providing imagery of the earth's surface from orbital altitudes. 
Landsat-2 was launched in January, 1973 • and Landsat-3 vas launched 
in March, 1976. Built with a design life of one year, Landsat-l con- 
tinued to function until January, 1976, while Leuidsat-B vas deactivated 
early in I960.* Landsat-3 is presently the only operational satellite. 
The next Landsat satellite is not scheduled to be launched until mid 
1982 (Covault, i 960 ). The following information on the Landsat system 
and its sensors Is taken from the Landsat Data Users Handbook (U.S.G.S., 
1979), Lillisand and Kiefer (1979), and Sabins (1978). 

The Landsat satellites orbit the earth at an altitude of 920 km 
with a 9 degree inclination, which allows them to gather information 
for all parts of the earth except the areas between 82 and 90 degrees 
north and south latitudes. The sun-synchronous orbit is established 
so that the satellite's ground track repeats its coverage of the earth 
at the same local sun time every I 8 days. Variations in illumination 
still occur due to seasonal variation in sun angle. If more than one 
satellite is operational, the period of locational repetition will 
be reduced. Through orbital corrections the image center points are 
maintained within 37 km. 

Two types of remote sensing instruments, a multispectral scanner 
(MSS) and a return beam vidicon camera system (RBV) are carried on the 
Landsat satellites. 

The Landsat MSS is a line scanning device which senses reflected 
radiation in four spectral bands (Figure 2). The scanner's mirror 
continuously scans the earth in a I 85 km swath normal to the satellite's 

"The June 30th, I 98 O, issue of Aviation Week & Space Technology reports 
that Landsat-2 has been reactivated. 
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MSS 6 
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SPECTRAL SENSITIVITY (um) 



0.5 - 0.6 


0.6 - 0.7 


0.7 - 0.8 


0.8 - 1.1 

(Landsat •?! 4 -2 only) 

0.1»75 - 0.575 

(Landsat -1 4 -2 only) 

0.580 - 0.680 

(Landsat -1 4 -2 only) 

0.690 - 0.830 

(Landsat -3 only) 

0.505 - 0.750 



MSS Bands U through 7» relative sensitivies 

2: Listing and Comparison of Landsat Multispectral (MSS) and 

Return Bean Vidicon (RBV) Spectral Sensitivites. 

(Prom Salerno, 1976; U.S.G.S., 1979) 
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orbital path. The along-track progression of the scan lines is 

provided by the forward motion of the satellite. Four arrays, each 

with six detectors, are employed to scan simultaneously six lines in 

each of the four spectral bands (Figure 3). The combination of each 

detector's instantaneous field-of-vlev, and the satellite's altitude, 

result in a 79 by 79 m ground resolution cell or pixel. This pixel 

size determines the systems spatial resolution. The analog signals 

resulting from the MSS response to the amount of reflected radiation 

received, are converted into digital form and either relayed directly 

to earth or stored onboard for later transmission. When received on 

earth, the imagery is processed in such a way as to produce individual 

2 

images covering 185 km with 10$ endlap. The nominal scale of an MSS 
image Is approximately 1:3,369,000. 

The RBV systems on Landsats-l and -2 consisted of three 
television»like, simultaneously operated cameras, each sensing radiation 
in a different spectral band (Figure ?). Images were exposed by a 
shutter mechanism onto a photosensitive surface which was then scanned 
by an electron beam to produce a video signal. The cameras of the RBV 
were stationed so as to view the same 185 by l85 km ground area that was 
being simultaneously imaged by the MSS. The ground resolution of the 
RBVs was 80 m, with a nominal scale of 1:1,68^^,000. 

Landsat-3 has a two-camera RBV system which records data in the 
same way as the unit on the first two Landsat satellites; however, both 
of the cameras are sensitive to the same portion of the spectrum. The 
two cameras provide side-by-side images each approximately 99 km on a 
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Figure 




: Landsat Multispectral Scanning Arrangement 

(From U.S.G.S., 1979) 
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side with 30 m ground resolution. Pour RBV ioages are required to 
cover the area depicted on one MSS image. The improved resolution and 
larger scale of the Landsat-3 RBV images in relation to MSS or Landsat-1 
or -2 RBV images, may stimulate interest in this sensor. 

2.3.2.U Previous Uses of Landsat Imagery for Forest Harvest Monitoring 

The identification and monitoring of clearcut lands and their 
regeneration has been the focus of certain studies using Landsat MSS 
data, and a by-product of many other forest classification studies 
using various forms and combination of MSS imagery. 

In addition to manual photo-interpretation of B4W and enhanced 
MSS imagery, there are also two general methods of computer classifica- 
tion of digital data, supervised and unsupervised. In supervised 
classification, the user works closely with the computer by developing 
numerically the spectral attributes (signature) of a feature of interest. 
The signatures are arrived at by examining areas whose identities or 
cover types are known (training sites). Unsupervised classification, 
or cluster analysis, allows the computer to divide the digital data into 
groups by identifying natural clusters of reflectances. The clusters are 
compared to known ground conditions and thereby assigned to a land 
use/cover class of interest. After signatures are developed for the 
classes of interest by either method, the computer is used to classify 
the entire area being examined. 

In the only study encountered that dealt with the monitoring of 
clearcutting in the northeastern U.S., Bryant et al. (1979) found that 
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they could distinguish aaong recent clearcuts, cleercuts with early 
regrowth, clearcuts with advanced regrowth, and softwood clearcuts in 
northern New Hampshire using supervised digital analysis of Landsat 
summer imagery. Because of tonal variations present in clearcuts 
resulting from the intensity of harvest or the level of regrovth, 12 
clearcut signat\ures needed to he developed in order to sufficiently 
classify the clearcuts in the study area. Much adjusting was needed to 
eurrive at these signatures, which were then grouped into the four 
categories mentioned. Clearcuts were represented on a classifica- 
tion map hy a mixture of symbols representing the various clearcut 
categories. In order to see if the identification procedure was 
reproducible for monitoring purposes, they examined a later MSS 
imsige by using new training sites and by trying to match the overall 
appearance (’’fudging”) of the later image with the earlier image 
through computer modification. The remaking of class signatures 
using new training sites worked fairly well, while the fudging method 
did not yield 'good results. 

The res\xlts of the study by Bryant and her colleagues (1979) 
are useful in that they demonstrate that clearcutting can be identified 
in areas of hardwood forest using supervised classification of digital 
data. The apparent difficulty in developing signatures for clearcuts, 
and in achieving uniform classification of clearcut areas, makes it 
Important to determine if other data sources, seasons of imagery, or 
analysis methods would offer more accurate or eccnomical results in 
identifying clearcut lands in predominantly hardwood forests. 
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Y. Jia Le« hat dona such work uiing MSS data for identifying 
clearcutting and aonitoring ite progreaaion in Canadian forests (See 
Literature Citations). By analysing band 5 iaages taken in late sunser 
approxiaately one year apart, he overeat iaated areas cleareut in the 
intervening year by 12.9^, and those cut aore than one year ago by only 
2.2^. Color additive viewing of the iaagery assisted him in his 
interpretation, especially of areas cut within the last year (for a 
brief discussion of color additive viewing see section 3. 5. 2.1). The 
smallest cleareut that he mapped was 11 ha, and the total cleareut 
area was overestimated by only k.2% (Lee, 1975). 

Using the Image 100 interactive multispectral analyser, Lee 
(1976) foxmd unsupervised class ificiit ion of the images unsatisfactory 
for clearcutting studies. Using supervised classification he was able 
to distinguish the two cleareut classes mentioned above. In 1977, 

Lee et al. reported success in detecting and monitoring clearcutting 
by using "principal components color enhancement," and by analyzing 
multi-date MSS imagery from bands 5 and 6. He found that the use of 
digital tapes was much more reliable than overlaying the mvilti-date 
images and visually analyzing them. Ibe size of the clearcuts he 
detected ranged from 1.2 ha to I5L.2 ha. 

In a study of a forested region in Oregon, Hawley (1979) 
found that bands 5 and 7 were most useful in investigating clear<*utting. 
Using a supervised classification system, Hawley found that he could 
detect clearcuts and areas of regeneration by variations in their 
reflectivities. The detectability of regeneration depended on its 
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hei^t, crovn-vldth, percentage ground cover, and aosvly on its spatial 
dietributi^. Light and heavy brush often could be differentiated, 
whereas partial tree canopy rcaoval was difficult to detect. The 
results of a pixel by pixel accuracy check of 5% of the identified 
clearcuts indicated that 92S of the pixels accurately represented the 
true ground condition. 

The suitability of Landsat MSS Images for monitoring the progress 
of clearcutting on Vancouver Island, British Columbia, was investi- 
gated by Murtha and Watson (1973) for a completely forested area in 
which clear>.atting activities were unlikely to be confused with 
other land uses. Band 3 alone was found to be inadequate for the 
mapping of clearcuts. By combining the 70mm transparencies of differ- 
ent bands (especially 3 and 6) in a color additive viewer, they were 
able to recognize four mapping classes; recent logging, second growth, 
old second growth, and over-mature timber. Examining the images <n 
the color-additive viewer at a scale of 1:150,000, allowed th«n to 
determine eight regeneration canopy cover classes, which Included 
estimations of the percent of vegetative cover on recent clearcuts. 
Inter- and intra-image distortions created problems in accurately 
mapping the locations of the clearcuts. Despite the napping problems, 
"It was concluded that monitoring of the progression of clearcutting 
at the enlarged scale not only involved estimations of relative 
locations, but perm: tted eui estimate of revegetation, or locating areas 
of poor regeneration" (Murtha and Watson, 1975, p. 257). 


Lee (1975) and Kalensky et al. (1979) found that information on 
clearcutting and/or regeneration can be derived from manual interpretation 
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of MSS imagery, but Heath (197^) found manual photo interpretation to 
be leu*gely unsuccessful. Many investigators hold that examination 
of digital MSS data yields more satisfactory results than manual 
analysis of MSS photographic products in forestry applications, 
including clearcut identification (Sayn- Wittgenstein and Moore, 1972; 
Heller, 1975; Hawley, 1979)* This is likely to result from the higher 
spatial resolution and better spectred sensitivity provided by the 
digital analysis of the Landsat data, and its suitability for quanti- 
tative remote sensing. 

Supervised classification of digital data was found to yield 
significant information on clearcutting in studies by Kan and Dillman 
(1975), Williams (1976), Lee (1976), Bryant et al. (1979), and Hawley 
(1979). Ifesupervised classification was generally found to be imsatis- 
factcry by Heath (197^), Lee (1976), Lee et al. (1977), and Kalensky 
(1979). Johnson et al. (1979) used an unsuper«’-ised classification 
system, and Were able to classify clearcuts and reproduction with 
accuracies of '85 and 67 % respectively, even tho\igh most of the 
misclassifications in their overall study were between cleercuts and 
regeneration. It is now possible in several minutes time, to isolate 
clearcut ar»ias in British Columbia using Landsat digital data and the 
GEMS 300 image analysis system (Lee, 1980). 

Miuti-.^ate image analysis was foxmd by most researchers : o bi 
far supti^cr to single-date analysis in the study of clearcutting 
(Kirby, 1973". Kan and Dil lm a n , 1975; Lee et al., 1977; Williams, 1979). 
The se.iection of MSS bands for optimxan clearcut differentiation is an 
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important consideration. Kalensky and Scherk (1975) found bands 5 an<i 
7 to yield basically the same information as bands 6, and 7. 

Bands 5 and 7 were also favored by Heller (1975) , Lee (1975)* and Hawley 
(1979). 

Seasonal variations were found to effect the ability to detect 
and monitor clearcutting. Aldrich et al. (1975)$ in their study in 
Georgia, concluded that early or late spring imagery was best for 
detection of forest disturbances, followed by late fall to late winter, 
and lastly by summer imagery, which they felt was of little worth due 
to oversaturation with IR reflectance. It appears that many researchers 
favor he growing season for their studies (Murtha and Watson, 1975; 

Lee, 1975, 1976; Lee et al., 1977; Eryant et al. , 1979; Hawley, 1979; 
Johnson, 1979). Williamo (1979) was able to extract spectral signatures 
for clearcuts and pine regeneration on both summer and snowfree winter 
imagery. 

The minimum size of clearcuts detected in various studies was 
11 ha (Lee, 1975), less that 2 ha (Aldrich, 1975), and 3 ha (Bryant 
et al., 1979). Accuracies; of the results of these studies are 
important, and are generally determined by comparing ground data to 
the Landsat classification and determining the number of correctly 
identified areas as a percent of the total number of that type of 
ai*ea present. William (1976) claimed 5^ and 39% accxiracies in mapping 
clearcut land and regeneration respectively using 8 band multi-date 
analysis. Using a cluster analysis, Johnson et al. (1979) calculated 
85 and 8'J% accuracies for clearcuts ar»d regeneration. Using standard 
MSi? color composites and photo-interpretation techniques, Aldi-ich (1975), 
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was able to obtr.in 71 and 25? accuracies for harvested and regenerated 
lands. These lands, harvested using the seedtree or clearcutting method, 
covild be detected up to 8 years after heurvest. Finally, Hawley (1979) 
claimed 92? accuracies for clearcut areas using supervised classi- 
fication. 

Little emphasis has been placed on the study of Landsat RBV 
data, possibly as a result of the limited amoiint of imagery available 
from Landsat-1 and -2, and the short period of availability of RBV 
data from Landsat 3. 

2.3-3 Summary 

The literature contains evidence that some success has been 
achieved in the identification and monitoring of clearcutting, and 
in the assessment of revegetation, by investigators using virtually 
ell tyi>es of small scale (1:120,000 or smaller' remotely sensed data, 
as well as a variety of analysis techniques. 

Small scale aerisd photography seems very well suited for the 
monitoring of clearcutting and subsequent revegetati^n studies in 
clearcut aireas. Color infrared photography flown during the summer 
at scales of 1:120,000 to l:l60,000 seems to be most often used. The 
scale and resolution of this photography allows for the detection of 
clearcuts on the order of one hectare, differentiation of clear cuts from 
other land uses, emd relatively precise revegetation assessment. The 
limited studies of Skylab and Apolio photography indicate that it 
too can be successfully used to identify clearcuts in certain regions. 
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VIhile researchers seem united in the opinion that Landsat MSS 
imagery can be used for clearcut identification and monitoring* they 
have reached different conclusions concerning the usefulness of the 
various ways of analyzing the data for this purpose. The manual analysis 
of black sold •vdiite Landsat images, or their analysis using color- 
additive viewing, has been found quite useful by some. Multi-date 
analysis of summer images of band 5 and band 6 or 7 seemed to be 
preferred. Many researchers feel that digital analysis using 
supervised classification is the preferred method of ansG.yzing MSS 
data for clearcut monitoring, because of the higher spatial resolution, 
better spectral sensitivity, and ease of data manipulation provided by 
digital analysis, and the ability to work closely with the computer 
when doing supervised classifications. 

The majority of previous studies performed have been concen- 
trated in the largely coniferous forest regions of Canada and the 
northwestern U.S. , and in the pine regions of the southeastern U.S. 
Certain study ‘sites included land uses that might be confused with 
clearcutting, while many did not. Past research has emphasized the 
usefulness of one data type and/or method of analysis for clearcut 
identification, rather than comparing the various data types and/or 
methods of analysis, ond determining their relative strengths and 
weaknesses for clearcut identification and revegetaticn assessment. 

The present study wrs designed to determine and compare the 
usefulness of various types of small scale remotely sensed data for 
the identification and monitoring of clearcutting in predominantly 


hardvood forests. Additionally it vas of interest to deteraine vhat 
infomation regarding revegetati^ can be derived from these data 
sources » and hov veil clearcut areas can be distinguished from other 
land uses present in an area of Interest. Several methods of 
analysis vere also investigated to determine their relative merits. 


3. METHODS AND MATERIALS 


3.1 Study Area 

3.1.1 Locatloa 

In order to asaesa the usefulness of small scale remotely sensed 
imagery for identifying and mraitoring clearcutting in hardwood forests, 
two study sites were selected with the Allegheny National Forest, 
located on the Allegheny Plateau in northwestern Pennsylvania (Figure 1»). 
Ihe selection of two sites was required due to the incomplete nature 
of remotely sensed imagery, or lack of suitable ground conditions for 
one site alone. 

The study site boundaries are generally located so as to include 
the areas of the Sheffield Ranger District forest compartiMnts which 
were used as.soxurces of ground data for this investigation. Site A, 
used for the ^alysis of all data tj'pes except Landsat imagery, is 
located Just south of the Allegheny Reservoir in the Sheffield Ranger 
District. Site B, used for the Landsat analysis, is located in the 
Sheffield District Just south and west of Sheffield, Pennsylvania 
(Figure U). Site A is an area of approximately 160 sq. km, while Site 
B is approximately 130 sq. km in size. Cutting records were available 
for roughly 35l of Site A, and 70 % of Site B. The remainder of each 
area was either in private ownership or under the Jurisdiction of a 
neighboring ranger district. See Appendix B for a more detailed 
illustration of the study areas and locations of the clearcuts within 
them. 
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Figure k: Location of study areas A and B in the Allegheny National 

Forest, and extent of Allegheny hardwood forests in 
Pennsylvania. (Center of National Forest approximately 
79® 00' W longitude, Ul° UO' N latitude) (Fran Marquis, 
1975) 


3<1<2 Clinaf 


SxaainatioQ of clliMtological data and diseusaiona with antbara 
of tha ataff of tba Shaffiald Rangar Diatrlet* ylaldad InforaatlMi 
regarding tboae general eonponenta of tha local climate conaldared 
relevant to this atudy. It la usually veil into May before leaves 
are present on the trees, while fall coloration typically aipears 
during the first or second week of October. Leaves are often shed 
very soon after this time. Ihe full foliage period, the period 
chosen by many Investigators to monitor clearcuttlng using remote 
sensing techniques, therefore extends rou^ly from June throxi^ 
September. Snow typically begins to accumulate on the ground in 
December or early January, and remains through much of March. The 
local climate is typically wet through most of the year, with a total 
annual rainfall of approximately 33 to Uo inches. The fact that 
there are only nine cloud-free Landsat imeiges which include the study 
aree. is an indication that the area siay be under cloud cover a fair 
amount of time. 

3.1.3 Forestry 

The forests in this region are largely composed of svigar a;id 
red maple, beech, white ash, black cherry, and other hardwood species. 
Hemlocks are also found occupying the more moist areas in the valley 
bottoms (Gordon, 1937). These second growth hardwood forests grew 
to replace the origineLL forests which were almost completely cleeorcut 
between I 89 O and 1920, in what is described as the highest degree 


of forest utilization in a ccaniMrcial luaber area that the world has 
ever seen (Marquis » 1975 )• The heavy cutting and frequent* end 
repeated fires that occurred during this tim favored the growth of 
hardwood species over conifers (Marquis* 1975 )♦ The timher growing in 
this region is now reaching maturity* and foma the basis of a wood 
industry that adds 275 million dollars to the econcnoy each year (Penn. 
Dept, of Commerce* 1972). 

Clearcutting of timber is presently one method of forest 
harvesting in the Alle^eny Forest and Pennsylvania, and appears to 
be a method that will continue to be used (Northcross* 1979* Nelson 
et al. 1975), despite the claims of certain researchers that other 
harvest techniques sure iKjre suited to harvesting in northern hardwoods 
(Msurquis, 1979; Metzger and Tubbs, 1971). It is Important to be aware 
of the effects of clearcutting on the forest environment in which it 
is utilized. The statements that follow are based on studies of 
clearcutting in Pennsylvania or the Northeast in general. 

AesthetlcsLLly , clearcutting is unappesding because of the 
devastated appesursmce of a recently clearcut section of forest. In 
Pennsylvania it taJces from 3 to 10 years for a clesurcut to resemble a 
young forest rather than a cut over area (Lang, 1975). Soil loss due 
to erosion is often cited as a reason for concern over clearcutting. 
District foresters in Pennsylvania felt that erosion problems are 
generally minor and can be corrected if roads are properly retired 
after logging is completed (Pennock et al., 1975). These feelings are 
supported by the finding that the majority of evidence indicates that 
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■oil losses In eastern forests «n*e slight ccs^ared to those caused hy 
other land uses (Patric* 1976 )« lynch et al. (1975) concltided that 
clearcutting in Pennsylvania does not pose a serious threat to vatershed 
values as long as certain basic precautions are taken. These findings 
are again similar to those eoncemix^ the impacts of harvesting on 
water quality in other parts of the eastern United States (Corbett 
et al. , 1978). Concern about the possible detrimental effects of 
clearcutting on Pennsylvania's wildlife resources seems unfounded 
since, through intelligently planned spatial and temporal distribution 
of clearcuts, a diverse habitat for nuiwrous species can be created 
and maintained (Hassinger et al., 1975). 

Regeneration of clearcut sites in certain parts of the study 
area is unsatisfactory, with the lands coming back either to trees of 
an undesirable species composition, very few trees, or virtually no 
trees at all (Marquis, 1975; Gearhart, 1980). Two suspected reasons 
for this are insufficient regenerated growth at the time of harvest, 
and overgrazing of the regeneration by deer. The monitoring of these 
poorly regenerated areas is an important concern. Site preparation is 
performed on certain clearcuts in order to aid their regeneration. 

This may i. cuts more visible on remotely sensed imagery by 

creating greater soil disturbance and removing more total vegetation 
than would result from clearcutting alone. 
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3*2 Indicator* of Cletreut L>adi 

In a rasote soniing analysis there sre three source* of inforaa* 
tlon that need to he considered vh«a addressing a resource or land use 
monitoring prohlem. These are spatial indicators, spectral indicators, 
and traporal consideratims. Spatial indicators are the shapes and 
configuratims of objects ^ich help one in determing their Identity, 
i^ile spectral indicators are the tones recorded for objects due to 
their reflectance properties. The texture of an area or object on a 
photo or image, is a result of both spectral and spatial indicators, 
and is a valuable aid in the identification of areas of interest. 
Temporal considerations are those factors of timing that must be 
considered in the collection and assessment of remotely sensed data 
for a given purpose. 

Described belov are the considerations relevant to the identifi- 
cation and monitoring of clearcutting in dominantly hardwood forests. 

3.2.1 Spatial Indicators 

The most distinctive and easily seen spatial indicators of 
recently clearcut or son»hwat regenerated or revegetsted lands are the 
sharp uxuiatural geometric openings in the forest canopy. These 
typicidly take the form of blocks or strips. It is best to inspect 
images for the presence of clearcut, regenerated, or revegetated areas 
with the use of a stereoscope, since this allows the observation of 
height variations in the vegetation present. An area which appears 
homogeneous when viewed monoscopically, mty be seen to have blocks or 
strips of shorter vegetation, indicating revegetation, when viewed 
stereoscopically. For small scale Imagery it is most usefiU. to use 




a stertoscopt vith •igni^eaat oagnificatlon abilitlat* rathar than a 
finple pockat ataraoaeopa. 

Othar ai^tlal indicatora of elaareuttlngt that may ba viaibla at 
leaat at tha larger aoalaa being conaidarad in thia atudy (1:120,000) 
are (1) linaa of diapoaad alaah, (2) akid traila and logging roada, and 
(3) loading araaa. 

Other events or practices may effect forested areas in my a that 
make th«s appear similar to clearcut lands. Certain ai^tial indicatora 
may be of help in differentiating clearcuts from such areas. Wind- 
throw can lei^l all or s»st of the trees in a portion of a forest; 
however, the debris will not be neatly placed in rows as is often the 
practice vith slash disposal, nor will the boundaries of the effected 
area reaeaible the linear boundaries of a clearcut. Disease can denude 
trees but will typically leave them atuiding. %e plowing or contour 
patterns of farmed lands nay be visible and therefore an aid in 
differentiation. Texture would likely be useful in differentiating 
between carefully cared for agricxiltural lands snd less carefully 
managed areas of forest harvesting. 

It is important to be aware that the value of spatial indicators 
will become less as one analyzes smaller scales of imagery, because of 
losses in spatial resolution. At low spatial resolution, spectral 
indicators will beccaae the dwinant source of information for the detec- 


tion of clearcut areais. 
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3.2*2 8p»ctral Indlotort 

kty to diitinguithing rocently eltorcut and rogmtratod 
or rei^getated laadi frca aurrouading foraata ia tha ability to diacam 
betwaea tha raapmaaa in raflactlvity of thaaa areas in ona or Bora 
vavalangth bands. Tha graatar tha dlffaranea in raflaetivityt tha 
easier and K>ra certain will be tha separability and idantifieati<m of 
these areas. In tha period iMSdiataly after eleareutting there will 
be a good deal of exposed soil. This stage should be followed by a 
ground cover of grasses, weeds, shrubs, and young ragenerati«3. Finally 
the area will be dominated by young trees which will gradually grow 
to resaable the mature forest around then. 

The spectral reflectance of various objects over tha range of 
.U to .9 vuB (blue to reflected infrared radiation) is shown in Figure 
5 . Shown as envelopes of spectral values are the generalised reflectance 
cturves of deciduous and coniferous trees. Tneir difference in reflec> 
tivlty in the infrared region alluws one to tetermine ^th relative 
ease when one is looking at a fairly homogenous deciduous or coni rous 
forest. For the present study it is iaq;>ortant to examine how an area 
will appear after eleareutting and the reestablishment of a vegetative 
cover with regard to the surrounding meut deciduous forest. 

Bare ioil will be present over much of a recent clearcut. 

In Figure 5 ire seen the reflectance curves of two soils, one dry and 
one both vet and dry. The 'liy soils, though notably different in their 
responses at various wavelengths, ere most distinct from the deciduous 
trees in the red region. In the infrared region, dry soil (A) would 
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Figure 5: Spectral reflectance properties of selected objects. 

Sources: Deciduous and Coniferous trees. Dry Soil (B), 
Lillesand and Kiefer. 1979; Snow, Koidratyev, 1969; 

CSrass, Salerno, 1976; Wet and Dry Soil (A), Condit, 1970; 
Fall Foliage, Knipling, 1969- 




be epeetraUy indletinguiebeble trcm t)M deeidiieiiM treet» i^ile the 
BUM soli, if vet voold sUov tear meh greeter seperebllity In this 
reglfm. Orerall here soil esn best be distinguished fr<»i deciduoiM 
trees in the red and infzeired regions. 

When a cleaxeut area t^ins to revegetate it is likely that 
grasses, shrubs, and very yoin^ trees irauld the doainant Tegetation. 
Utaforttmately no reflectance curves for shrubs or yoimg trees could be 
found. It is evident however froa the sbility of prior researchers to 
distinguish these features from suture forest, that their signatures 
are unique froa those of the surrounding trees. Ibe signature for 
grass shows that it has a very hig^ reflectance in the infreured 
region thereby making it distinguishable froa forested areas in this band. 

Textural variations in an image, restilting fremt differences in 
canopy stzncture or lack of a canopy, my at times be of value in 
differentiating between uncut, xecently cut, and regenerated or reveg- 
etated forest lands. On aerial photos young trees often exhibit smooth, 
unifozm textures, while wore mature, older forests appear rougher 
in texture. Texture on a Landsat image is a res\ilt of the variation 
in tone between pixels resulting trcm different forest types or 
conditions in a given area. Since the instability, cos^tition, and 
change often found in areas of young trees results in higher levels 
of variance than results from mat\rre forests, young forest stands are 
generally rougher in texture then mature forests (Strahler et al., 

19T9). Areas with no tree cover, such as recently clearcut areas or 
farmed areas, are likely to ejchibit textures different frcmi those of 


forested areas 
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8e*l« and raaolutiott ara alao vary important eoaaldaratlona. 

Tha araaa dcainatad by a purtiealar gr w e td eovar aaiat ba Itt^a anou^ 
to ba aa«i oe a pbot^r^b or ras<^vad <» a anlttapeetxal iaape as 
a distinct eitity, without being lost throng bl«iding %rith the 
reflectance of ^e surroundings. If the spectral respcaiM of an object 
is great «aou^» it asy be detectable evm if it is saaller tl^ tte 
nozisal resolttticm capability of the s«asor. 

3.2.3 Tegporal C<»si derat iwas 

Ihe tialag of the acquisition of imagery significantly effects 
the potential usefulness of both spatial and spectral indicators. 

Ihe simtial indicator of sharp boundaries may be lost or nde significantly 
harder to detect in a deciduous forest if the imagery is taken during 
a period when the trees are l^fless. Instead of seeing the easily 
distinguishable tree canopy, one will be able to see the ground 
through the leafless branches. Ihe leafless conditicm will also 
greatly effect the ability to spectrally differentiate cut and uncut 
lands. Whereas the reflectance from leaves is distinct from that of 
clearcut areas, the reflectance from the ground in the cut and uncut 
areas may be very similar. 

Seasonal, and even daily variations in reflectivity, can effect 
the ability to detect clearcut areas. The separability of recently 
clearcut areas frcm their surroundings may be enhanced or lessened 
by acquiring imagery during a vet season or after a rain, due to changes 
in the reflectivity of the soils (see Figure 5). The presmice of 
snow, whose reflectivity is very high at all wavelengths being 
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eo&«lA«r*d (Figtaf 5) , eould da«li»f «a iafttt m ^ iMtvtr«s 
n««4»d to idettify a elMreiit omAd b« mdotoetobdot <»r it e^d | 

«ahnee doteetiMlity of eloarcuta viMre th«ra ara m» traaa to latar- 
fera with tte radiatieo atriking or baing raflactad fr» tha aaoir. 

F\X.' Qoloratioo of daeidooto laavaa (Flgura $} could alao hinder or 
aid dataetioo dap«diag on tha cMditioa of tha toil a&d othar vaga* 
tation at tha tiaa. 

3.3 Ground Data 
3.3.1 Si^arce 

source of ground data for this study is the harvesting 
records kept by the Sheffield Ranger District in tha Allegheny Hational 
Forest. The district is divided into conparttiwnts vhich are further 
divided into sites. Records of tisfiaer harvests, salvage cuts, and 
improveawnt cuts that occxir within tto sites are kept both in the fom 
of a written* description idiich includes the acrea^ cut, and in the 
fora of c<a^>artfflent naps on which are indicated the location, shape, 
type, and yesor of harvest^ as well as the year during vhich az^ site 
preparatioa was conducted in an effort to aid regeneration. The 
base maps used for the conpartnent napping show ownership patterns, 
reads and streams, and are at a scale of l:13»8Uo {h inches to the nile) 


3.3.2 


Coapilatitm 

Compartnent naps were obtedned from the Sheffield Ranger District 


for study sites A and B. These maps indicated the location and year 
of cutting activity in the area of interest. The fact that a separate 
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map it I— iat»la»d for eoapartaost rooults in m vtxy fmcMBtod 
pietoral display of tlia luurvoatinc history of an stm Isr^tr thsn too 
or thTM coopartisKits. In orter to crsats a pietmmi rseord of cutting 
in i^ch the locations of cuts could he easily sew in relation to 
the cutting activities in other ctaqpartiwatSt the inftnrBatiw from 
the conpartaent VM transferred to a aap of the Hatiooal Forest 
at a scale of apiu'cacimtely 1:12$»000. ^e a^^ing of the cuttings 
at this smaller scale was also done in order to help facilitate the 
comparison of the very small scale rwotely sensed imagery to the 
ground data. 

Appendix B contains detailed inforaatiw of the study areas 
within the AUe^wy Forest, the location of the hnonn clearcuts 
within the study areas, and tables shoving the ywr of harvest and 
acrea^ for each cut. 

3.U Selection of R«K)tely Sensed Data 
3.U.1 Ccnsideratiws for Selection 

Selection of the remotely sensed data was based on insights 
gained from previous studies, and by the desire to obtain aircraft, 
Skylab, and Landsat imagery from the greatest possible variety of 
sensors, seasons, and scales. Information on the availability of 
imagery vaa obtained fros the EROS I^ta Center in Sioux Falls, South 
Dakota, in the form of co^uter listings shoving the dates and cwditioo 
(percent cloud cover and image quality) of the imagery acquired of 
the geo^ai^ic area of Interest. 
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iMgtrjr vai ••Iftctftd based on date of aequisitl«a» spectral 
sensitivity, percent cloud cover, scale, iaage quality, and iaage 
availability in the foraat desired, laagex^ vas purchased fron the 
EROS Data Center. All iaagery, vlth the exception of a Landsat MBS 
caEputerocompatible tape, vas in the fom of i^itive transpar«)eies , 
in order to facilitate «ilargaaent and phot<%raiAiic reproducticm. 

A list of the remotely sensed data obtained for the studf and 
analyzed in this study is reported in Table 3. 


3.5 Analysis of Remotely Sensed Data 
3.5.1 Aircraft and Skylab Photographic Data 

fRie idiotograi^ic transparencies of study site A, taken from 
' aircraft and Skylab, were analyzed both monoscopically and stereo-^ 

scopically. 

Using an overhead projector (Transopaque Auto Level) the images 
were enlarged to a scale of approximately 1:125,000 to allov for more 
detailed vievlng, while at the sane tine facilitating the coosparison 
of the information derived from the images to that provided by the 
ground data plotted on the Allegheny National Forest m^. 

A matt acetate overlay of study site A was created by tracing 
the site’s boundaries from the Allegheny National Forest map. Shown on 
the overlay were the Allegheny Reservoir, the Seneca Pusped Storage 
Reservoir, key roads and pipelines, md private and Rational Forest 
lands for which no cutting records were available (Figure 6). ^niis 
overlay was used to detemine if an identified clearcut i^s located 



Tablt 3 Contiau^dt 


MOaiD 

* - Me litereture review for pletfora deecriptioae 

** > Froa EROS eonputer listinge 

i - Lendeet MSS MvelMgths ee follows 
U - 0.5 - 0.6 

5 - 0.6 - O.T 

6 - 0.7 - 0.8 

7 - 0.8 - 1.1 

EIC • Barth Terrain Co»ra 
MSC - Multispectral Caaera 
MSS > Multispectral Scanner 
RBV - Retiirn Beaa Vidicca 
HA - not available 
SIR > black-and-white infrared 
B&W - black-and-white 
CIR - color infrared 
HC - natural color 
Y - Yes 
N - No 
P - Partial 
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e: 

• private land (no cutting records available) 

- neighboring ranger district (cutting records not obtained) 

- Sheffield Ranger District (cutting records obtained) 

- road 

- pipeline 

• separation between two areas 


Figure 6: Master overlay of study site A. 
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is an arta for vhleh cutting racorda ware avail^la. ¥rcm. tfaia ori^^ 
oirtrlay* nuanroua "ricoXotoa” ovarlag^i idioi^ng only tba alta boundaryt 
the ptaapad storage raaarvoir, and eartato roi4a, ware aada for ubo aa 
bate saps for raeording tte Xocaticm of areas identified as eXeareut 
during the anaXysis of each of tl» photographs (Fi^ire 7). 

Each ^oto transpam^ was ^iMed on the overload projector 
and aasked vith cardboard strips in ord«r to aXXov for acre eoafortahXe 
vieving of the images against the raooth idiite vaXX ^to i^ich they 
vere projected. l!he ihot<^nph vm secured and kept fXat by placing a 
clean piece of glass over it. 

The skeleton overlays vez« posit i<med over the ju^Jected images, 
using the roads for control tdwre possible, since the imter bodies in 
the area oftea did not produce good alignments, probably due to water 
level changes during differ«at times of the year. Using the spatial and 
spectral indicators disctissed earlier in this stt^, clearcut areas 
were tentatively identified and recorded on the overlays. This pro> 
cedure was followed for all of the aircraft photographs at scales of 
1:1»00,000 or smaller, and for the Slqrlab Earth Terrain Camera ihoto- 
grahs. Chily the three best Scylab Multispectral Camera photographs 
were analyzed in this way since the presence of cloud and the overall 
quality of the images made it difficult to distinguish clearcut areas 
even on the better film types. Overlays of the 1:120,000 and 1:130,000 
scale aircraft {diotos were made at the original hoto scale, since this 
was sufficient for accurate congtarison with the ground data. 

Each overley resulting from the analysis of a photograph was 
coBg>ared to the Allegheny National Forest smp containing the ground 
data. Ihe nuntber of clearcuts correctly identified was recorded 



<0 - area identified as clearcut 
road 


Figure 7 

r> 


Skeletra overlay of study site A. Cleurcuts recorded vere 
identified on ab enlargenent of a tlae)t>and>vbite photo 
taken on Septeaiber 19* 1973* at an original scale of 
apprraciaately 1:U38*000. 
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for each photo. Sinct the transfer of the groxmd data from the 
1:15*6^0 scale conq>art8wnt naps to the snaller scale base nap vas 
subject to sone slight error in cut location* and since perfect 
alignment vas difficult to achieve between the overlays and the enlarged 
photos; close alignment* and known shapes and distributions of clear- 
cut were considered when deciding if an area vas correctly identified 
as a clearcut. 

As an estimate of accuracy* the number of classified cuts for 
each photo was compared to the known number of cuts present at that 
date and recorded as a percentage. Due to the sources of confusion 
regarding exact clearcut location mentioned in the preceding paragraph* 
it vas the relative number, and not the absolute number of identified 
cuts that was considered i^en comparing the value of the various data 
sources examined. The resolution of the 1:130*000 CIR film vas such 
that clearcuts could be distinguished from other land uses and therefore 
no areas veri misclassified. After having compiled the ground data* 
and having examined the 1:130*000 scale CIR photos, the investigator's 
familiarity with the study area axloved him to avoid misclassificatiMX 
of non-clearcut areas. This accuracy comparison* as well as an 
assessment of the difficulty involved in identifying the clearcuts* 
was used to determine which films* scales* and seasons were best 
suited to the task of identifying clearcut areas. 

During the tin» that the overlays were being generated* each 
photo vas being qualitatively assessed in regard to its overall usefulness 
in yielding information about the presence or condition of revegetation 


on areas identified as clearcut. 
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In ordtr to dtttrmino tho uiofulnttt of ttorooteopie annlysit for 
tht idortifieotion of eloureut nroM and roTtgotation aaaaaaaMntt 
aaeh ]^oto for vhieh atarcoacopie eoyarage vaa availablt (aaa Tabla 3) 
vaa examjnod on a variabla intanaitjr light table ualng a variable 
magnifying atereoacope (xoon atereoacope). 

Several methoda of enlarging the photoa for more detailed and 
convenient viewing were examined in order to determine their relative 
merita* ualng a microfiche reader, an overhead projector, a zoom 
atereoacope, a zoom tranafer acope, and by rear*viev projection. 


3.5.2 Landaat I^ta 

Landaat imagery from two aenaora tmd in two formata waa analyzed 
to see if clearcut areaa could be identified and differentiated from 
other land uaea on aatellite imagery. Black ft white 7^^""" tranaparenciea 
of images acquired by the Multiapectral Scanner (MSS) and the Landaat-3 
Return Beam Vidicon (RBV) were visually examined using enlargement and 
color additive viewing. A computer compatible tape (CCT) of an August 
1976 Landaat scene was digitally analyzed to determine if any improvement 
in identifying clearcut areas could be accoaplished over the visual 
analysis of the imagery. 

Study site B was selected for the Landsat analyses over study 
site A because it provided a sonewhat more diversified cutting history 
with respect to the dates and sizes of the cuts, and because it 
included several urban and agricultu'^ h 1 areas not present in study 
area A. In Figure 8 is shown the master overlay of study area B, 


yilll - private lands (no cutting records available) 

□ - Sheffield Ranger District (cutting records obtained) 
road 

.... - pipeline 

- non-road study site boundary 

Figure 8: Master overlay of study site B. 
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including the site boundary, key roads and pipelines, and private 
lands for which no cutting records were available. 

3. 5.2.1 VI anal TmA gery Analysis 

MSS band $ and/or 7» TOnm transparencies were obtained for the 
region of interest during vt^ious seasons of the year. Study site B 
was photographically enlarged %dtveen 5 and 6 times to a scale of 
approximately 1:600,000. Blue sensitive masking film (KodedL 2136) was 
used to produce 10.2 x 12.7 cm (h x 3 inches) enlarged black & white 
transparencies. The enleurgements were of the opposite format (positive 
or negative) from the originals. Although not attengjted in this study, 
the use of a lantern projector to enlcurge the original 70 mm MSS and 
RBV transparencies to base map scale, might be used to eliminate the 
development of an intermediate photographic enlargement. 

Each of the enlargements was examined on a light table using a 
magnifying glass to determine if clearcut areas could be identified 
on the ..iiiages. It was also noted whether other items of interest, such 
as farm lands and small urban centers, co\ild be distinguished from 
clearcut lands. Those images on which clearcutting could be identified 
were enlarged to a scale of approximately 1 : 125,000 using an overhead 
projector. Areas interpreted as clearcut were recorded on matte 
acetate overlays, on which the boundary of the study site had been 
previously drawn. The overlays developed for each date were compared to 
the base data as recorded on the Allegheny National Forest map. The 
number of known clearcuts correctly identified was determined using the 
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same considerations as used for the accuracy analysis of the ^otographic 
data sources. 

Three Landsat-3 HBV Images were enlarged between 5 end 6 tines 
to a scale of approximately 1:300,000, in order to conqpare the usefulness 
of the imagery from this larger scale, single hand sensor to the MSS 
imagery. These RBV enlargments were projected to base map scale and 
examined to determine the nuad>er of clearcuts correctly identified, 
in the sane manner as described for the MSS imagery. 

A color-additive viewer (CAV) was used with the MSS imagery 
in an attempt to enhance the separation between farmland or urban 
areas and clearcuts, between recent (occurring between two image 
dates) and older (before the earlier ima^ date) clearcut areas, and 
between cleeu’cuts of various levels of revegetation or ages. This 
enhancement is produced in the CAV by superimposing up to four images 
of the same area, taken at different times or in different spectral 
regions, unto the machines* common viewing surface. Each of the four 
images can be ’ simultaneously illumirated with blue, green, red, or 
white light provided by movable filters within the CAV. 

Color additive viewing was first attempted using the original 
70mm trsmsparencies i however, it was found that at this scale even 
minute errors in alignment and slight image blur were enough to create in- 
distinct tonal signatxxres that were not sufficient to separate cate- 
gories of interest from each other. Several of the 10.2 x 12.7 cm 
enlarged transparencies were therefore cut into 70mm chips which were 
mounted in the CAV. 
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winter end suimer, positive and negative iaages, some separated 
by up to four years, vere used to enhance the presence of nev verses 
old cuts and to differentiate between levels of revegetation. Usages 
from different bands, acquired on the same date, vere also used to 
examine levels of revegetation. A spring scene vas used in ocmibination 
with the sunm»r and winter scenes to aid in distinguishing between 
agricultural land and clearcut areas. Ihose ima ge and filter combina- 
tions that yielded the most satisfactory results vere photographed 
using a 35mm camera and Kodak Tungsten l60 Ektachrome film. 

Results similar to those obtained through color-additive 
viewing should be obtainable by color enhancement of the MSS Images 
using diazo foils. This is a subtractive-color enhancement procedure 
in \diich yellow, magenta, and cyan transparencies, contact duplicated 
from black and white images of different bands or dates , are overlaid 
onto each other on a light table in order to accentuate the detecta- 
bility of a feature of interest (Hiordy et al, 1975). T^is technique 
has the advantage of being less expensive than color-additive viewing. 

3. 5 . 2 . 2 Digital Analysis 

Digital image analysis refers to the computer aided interpre- 
tation and classification of the su:tual manerical reflectance values 
recorded by a scanner, on a pixel-by-pixel basis. The data are 
originally collected on magnetic tape from which a computer con 5 >atible 
tape (CCT) is produced for user suialysis. Maximum spatial resolution 
and spectral sensitivity eu:e normally afforded through digital analysis, 
since the value for each pixel representing a ground area of slightly 
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less than 0.5 hectares, is individually examined, rather than heing 
visually interpreted as part of a gro\xp of similar pixels. Both 
interactive and non-interactive computing systems have been developed 
to perform digital analysis of digitized remotely sensed data. 

Interactive systems allow the operator to have real-time control 
over the operations heing performed by the computer, since he is 
able to observe the progression of results on a video screen, and alter 
his decisions based on the results of his prior actions. Using an 
interactive system, an operator can select training sites, generate 
statistics, develop class signatures, and classify an area of interest 
within a matter of minutes. 

Non-interactive systems can perform essentially the same func- 
tions as interactive systems. They can be programmed into existing 
computing facilities, but have the disadvantages of requiring a greater 
turn-around time, not allowing the operator to alter his analysis until 
the completion of a routine, and providing only paper printouts, rather 
than images . • 

Based upon the apparent preference of previous investigators to 
use summer ("leaf-on") imagery for clearcut monitoring, the CCT of a 
Landsat scene taken over the study area on August IT, 1976, was selected 
for ansQysis. This selection was based upon the scene's favorable 
season, image quality, and cloud- free nature. The digital analysis was 
performed noninteractively using the ORSER program (Borden et al., 1977), 
modified for use on the Cornell University 370/168 computer. The 
location of study site B was identified, and a subset data tape was 
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constructed for this area in order to reduce computati«i costs and 
increase processing efficiency. 

Although the review of the literature seetsed to discourage its 
use, an Initial attempt was made at classifying the land use categories 
in the study area using an unsupervised classification routine. In 
this procedure the c(^uter independently computed spectral signatures 
using a clustering algorithm and developed a map symbolically represent- 
ing pixels by the cluster to which they were assigned. The map was 
compared against ground data in order to determine what land uses if 
any were being consistently depicted by a given signature and symbol. 

No relationship between the map and the grovind data could be detected, 
and although continued trials using varied limits and sampling 
intensities may have produced acceptable classification results, it 
was considered unlikely, and a supervised classification was attempted. 

The initial step in the supervised classification was the 
generation of a brightness map for each of the four Landsat spectral 
beinds to be used for locating training areas. Ground data, the 1973 
high altitude photos, and August 17, 1976 Landsat images were used to 
identify training areas for the following classes: clearcut forest, 

farm, urban, and forest. Examination of the brightness maps showed 
band 5 to most clearly depict the categories of interest, and it was 
therefore used to acquire the coordinates for the training areas. 

Statistical data, in the form of reflectance values and standard 
deviations for the four Landsat buids, needed to develop classification 
signatures, were obtained for all of the training areas. The statistics 
for each land use were examined and avereiged to obtain a spectred 
classification signature for each category of interest. 
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Using a nearest nei^bor classification routine, and the classi- 
fication signatures developed, a map of study area B vas generated in 
which the entire area was classified as "clearcut,” ”farm,” ’’urban,” 
’’forest,” and "other.” Various limits were tried in order to achieve 
the best possible classification. 

In an attempt to improve the accuracy of the classification, a 
canonical analysis was performed on the statistics generated for the 
land uses of interest, and the results were then used in the classifi- 
cation of the study site. 

3.6 Field Investigation 

The study area was first visited on the 2 Uth of March, 198O. 

The purpose of this visit was to meet with personnel of the Sheffield 
Ranger District in order to determine the availability of suitable 
gromd data in the form of forest harvesting records, to acquire the 
cutting records available, and to discuss general questions pertaining 
to the forests and forestry of the area. In order to become familiar 
with local ground conditions and the appearance of clearcuts during 
the nongrowing season, several cuts in study area A were investigated. 
Weather conditions were such that only a few inches of melting snow 
were present on the ground. 

The study area was again visited on the 3 rd and Hh of June, 
1980, after analysis of the remotely sensed data had been completed. 

A meeting was again held between the author and Sheffield personnel to 
discuss questions that had arisen during the analysis of the imagery. 
Several cuts of different ages and sizes in study area A were visited 


to determine their appearance with full foilage. Study area vbich 
was not visited during the first trip, was examined with respect to 
the appearance of clearcuts and other areas, such as agricultural 
lands that were confused with clearcuts. Sites of particular interest 
were investigated. 


1». RESULTS 


Analysis of Aircraft Photography 

&nall scale aerial photography was I'ound to be veil suited for 
both the identification of clearcut lands and for the general assessment 
of revegetation status. 

The season during which photography is acquired seems to be the 
major factor affecting one's ability to identify clearcuts on aerial 
photography. Photographs acquired at times when there was no leaf cover 
proved to be of virtually no value, especially when compared with photos 
tsiken during the growing season, regardless of scale. Natursd color 
photos, at a scale of 1:120,000 taken in the spring before leaves were 
present on the trees, showed fewer clearcuts than photos taken at a 
scale of 1:^38,000 in the summer. Black and white summer photos were 
superior to color infrared photos taken when no leaf cover was present. 

As scale decreased, the seasonal effect became more pronounced. Shown 
in Figure 9 are two B&W and two CIR photos, one each from spring, before 
leaf, and from a full foliage period in September. The figure illustrates 
the effect of season on aerial photography's usefulness for clearcut 
identification. 

The preferred film type at all scales , especially if information 
on revegetation is desired, is color infrared. This film allowed for the 
best differentiation of clearcuts from their surroundings, and of 
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variations of revegetation levels within and among cuts. A comparison of 
Figure 9 I &nd III* and II and IV, illustrates the effect of film type 
on aerial photography's usefulness for clearcut monitoring. 

Figure 10 is a stereoscopic pair of a portion of the 1:130,000 CIR 
photos taken in September 1973. It illustrates what may be considered the 
maximum amount of information obtainable from small scale imagery, since 
it combines the best season, film type, and scale, while providing for 
stereoscopic viewing. 

Cuts Just slightly larger than 1 hectare and 7 years old could be 
identified on summer B&W, SIR, and CIR photos with original scales of 
1:^38,000 when enlarged to approximately 1:12$, 000 (Figure 9 I and III, 

G). Alignment of the photos to the base map was somewhat more difficult 
using stmuner photos, because smaller forest roads were obscured by the 
surrounding forest canopy. 

Clearcut areas were identified by their lighter tone on B&W photos 
(Figure 9 HI), and by their generally lighter, but sometimes darker, 
appearance on BIR photos. On GIF photos recent cuts appeared whitish to 
blue-gray, while areas that had revegetation present were a pink to light 
red, and had a smoother textxire than the sia*rounding forest (Figure 10). 
Forest areas are a medium gray on B&W and BIR summer photos (Figure 9 IH)» 
while they appear deep bright red on CIR photos (Figure 91). The linear 
character of the cut boundary, sometimes enhanced by the shadow cast into 
the cut by the surrounding trees, was also very useful in distinguishing 
clesurcuts from their surroundings. Adjacent cuts that were made several 
years apart were easily identified as such on CIR photos (Figure 10, C). 


Figure 9: 


Comparison of film types and season for identifying clear- 
cutting and revegetation. Clearcuts at A are clearly visible 
on summer photos (I & III) and are discernible on spring photos 
(II & IV), while cuts at B, though clearly visible in the summer, 
cannot be seen in the spring. Famed areas are clearly visible 
at all times (C). Certain clearcuts are more difficult to 
identify on the black-and-white photos than on the color infra- 
red photos (D). Vhile bare soil from recent cuts (F) can be 
easily differentiated from revegetation (1) on color infrared 
photos, these features appear somewhat similau* on the black- 
and-white photos. A 7 year old, 3 acre clearcut is visible on 
the summer photo at 0. 

I - CIR photo taken Sept. 19* 1973; original scale approximately 
1:1*38,000 (frame 57, NASA): II - CIR photo taken April 27, 1972; 

original scale approximately 1:1*20,000 (frame 228, NASA): III - 

B&W photo taken Sept. 19, 1973; original scale approximately 
1:1*38,000 (frame 57, NASA): IV - BiW photo taken April 27, 1972; 

original scale approximately 1:1*20,000 (frame 228, NASA). 

..llust rat ions approximately 3.5 times original scade. 
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Suotucr CIR photos at a scale of approximately 1:130,000 allowed for 
the identification of 100 percent of the known clearcuts in the study area 
(Table k), llie assessment of photography taken the same day at 1:^36,000 
showed that, at this scale and season, 82 to 9T percent of the clearcuts 
could be identified using various films. In contrast, the best result 
obtained in the nongrowing season at the l:k20,000 scale was 15 percent 
using CIR photos. 

Listed in Table k are the accuracy results of clearcut identifica- 
tion for aerial and space photography and for enlargement viewing of 
Landsat BiW images. Accuracies are recorded as a percentage of the total 
number of clearcuts known to exist in the study area. It is important to 
recall two characteristics of the accurecy counts: (l) because there is 

some amount of subjectivity in the identification of the cuts, relative 
and not absolute percentages should be compared; and (2) no indication of 
the number of misclassified areas is given because the investigator became 
familiar with the study area as a result of the compilation of ground date 
and analysis of the 1:130,000 scale photos. This familiarity made it 
possible to prevent areas that appeared similar to clearcuts at scales 
smaller than 1:130,000 from being classified as such. 

The procedure of identifying clearcuts on the photos, enlarged to 
1:125,000 and recording the results on overlays to the base map was done 
twice, with several weeks between trials. Cctpariscn of the overlays of 
each photo indicated that identification accuracy estimates did not differ 
by more than 10 percent for ary given comparison, and were within 3 per- 


cent on the average. 
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Table ki Comparative summary of the accuracy of clearcut identification 
using various types of small scale remotely sensed data, 

% ACCUBACY 


PLATFORM 

DATE 

FID4/BAND 
(wavelength jim) 

SCALE 

OF CLEARCUT 
IDENTIFICATION 

Aircraft 

9/19/73 

BIR (.690 - .760) 

1:1*38,000 

95 


9/19/73 

BiW (.580 - . 680 ) 

1:1*38,000 

82 


9/19/73 

B&W (.1475 - . 575 ) 

1:1*38,000 

87 


9/19/73 

CIR (.510 - . 900 ) 

1:1*38,000 

97 


9/19/73 

CIR (.510 - . 900 ) 

1:130,000 

100 


U/27/72 

BIR (.690 - . 760 ) 

1:1*20,000 

0 


U/27/72 

BiW (.580 - .680) 

1:1*20,000 

12 


U/27/72 

B&W (.1*75 - .575) 

1:1*20,000 

9 


‘♦/27Z72 

CIR (.510 - . 900 ) 

1:1*20,000 

15 


5/17/71 

NC (unavailable) 

1:120,000 

50 

Skylab (ETC) 

9/10/73 

B&W (.5 - .7) 

1:950,000 

100 


9/15/73 

CIR (.5 - .88) 

1:950,000 

89« 

(MSC) 

9/15/73 

CIR (.5 - .88) 

1:2,850,000 

29 * 


9/15/73 

NC (.1+ - . 7 ) 

1:2,850,000 

29 * 


9/15/73 

B&W (.5 - .6) 

1:2,850,000 

0* 

Landsat (MSS) 8/20/73 

5 (.6 - . 7 ) 

1:3,369,000 

1*0 


8/17/76 

5 (.6 - . 7 ) 

1:3,369,000 

38 


2/22/77 

5 (.6 - . 7 ) 

1:3,369,000 

82 


1/12/78 

5 (.6 - .7) 

1:3,369,000 

68 


5/27/78 

5 (.6 - . 7 ) 

1:3,369,000 

1*6 


6/23/78 

5 (.6 - . 7 ) 

1 : 3 , 369,000 

1*9* 


12/29/78 

5 (.6 - . 7 ) 

1:3,369,000 

72 

(RBV) 

5/27/78 

(.505 - .130) 

1:1, 681*, 000 

66 


6/lkn& 

(.505 - . 750 ) 

1:1, 681*, 000 

62 * 


12/29/78 

(.505 - . 750 ) 

1:1, 681*, 000 

77 


LEGEND: ETC - Earth Terrain Camera; MSC - Multi spectral Camera; 

MSS - Multispectral Scanner; RBV - Return Beam Vidicon Camera; 

BIR - black-and-white infrared; B&W - black-and-white; 

CIR - color infrared; NC - natural color; * - study area partially 
obscured by clouds 


U .2 Analysis of Skylab Photography 
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The usefulness of Skylab photography for clearcut identification 
and monitoring ranged from excellent to very poor. 

Photographs acquired in late summer using the Earth Terrain Ctimera 
(ETC) were excellent. An accuracy count of the clearcuts identified on 
the B&W photo negative resulted in 100 percent identification, while 97 
percent were identified on the positive of the same photo. Analysis of 
the negative was somewhat easier because the dark areas, representing the 
clearcuts, stood out as if already outlined against the ligh+er background 
of the forested areas (Figure 11). It was possible to identify 39 percent 
of the cuts in the study area on a CIR ETC photo, even though there was 
a significant amount of cloud cover present (Table U). With enlargement, 
it was possible to distinguish varying amoxuits of revegetaticn within and 
among the various clearcuts identified on the CIR photo. This was possible 
to some extent on the B&W photo, where more recent or poorly reveget ated 
cuts were darker than the older cuts present (Figure 11, A and B). 

The photographs provided by the Multispectral Camera (MSC) yielded 
generally poor results in clearcut identification. A large amoxint of 
cloud cover may have been sor.ewhat responsible for this in some cases, but 
it also appeared to be a result of scale and film spectral sensitivity. 

The study area could easily be identified on the two BIR photos because 
of the proximity of the Allegheny Reservior; however, no identification of 
clearcuts was possible even when enlarged to a scale of approximately 
1:125,000. Due to their uniform tone, it took several minutes simply to 
identify the study area on the B&W photos. Some slight tonal variations 
were visible, but were often too indistinct to be conclusively mapped as 




V ^ 


-B 


-A 


Sky lab Earth Terrain Camera, B^ack-and-«r.Tiite negative of 
study areas A and B. Clearcuts appear as gray to black 
spots against the lighter backround of the surrounding 
forest. Recent or poorly revegetated clearcuts are dark 

(A) , while those that have been revegetated are lighter 

(B) . at year old, 3 acre cut can be seen at C, and strip 
clearcutting is present at D. Taken Sept. 10, 1973; 
original scale approximiately 1:950,000. Illustration 
approximately 3 times original scale. 
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clearcut areas. The natural color and CIR photos were the best for clear- 
cut identification, allowing the identification of approximately 30 percent 
of the cuts in the study area (Figure 12). The accuracy assessment must 
be considered as an underestimate of the true usefulness of these two films. 
More cuts would have been detected if the area had not been largely cloud 
covered. The production of an intermediate photographically enlarged pro- 
duct may have aided in clearcut identification since the greater than 20x 
enlargement produced by the overhead viewer was somewhat less sharp than 
the approximately lOx or less overhead enlargement of the other data types. 
Cut boundaries were often difficult to distinguish, thereby making plotting 
of the cuts difficult. Some degree of revegetation could be detected on 
the CIR photos. The results of accuracy coxints performed on the Skylab 
photography are shown in Table U. 

1* . 3 Analysis of Landsat Imagery 
1*.3.1 Black and White Image Analysis 

The percentage of the clearcuts known to exist in the study area 
identified through photo-interpretation of enlarged B&W images are listed 
in Table h. Using MSS images, it was possible to idenwify an average of 
1*3 percent of the clearcuts on the images acquired during the growing 
season, as compared to an average of percent on images taken at times 
when snow cover was present. The use of RBV images increased the number 
of cuts that could be identified on simiraer images moreso than on winter 
images: an average of (MSS) to 6U% (RBV) for summer versus '(2% (I*ISS) 
to 77/! (RBV) for winter. For RBV images, the season of acquisition 
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Figure 12: Skylab ispect ral Canera color infrared photograph of 

the study area. Recent clearcuts at R can be detected by 
their bluish color, seen between clouds at C. Resolution 
restrictions make it difficult to accurately identify 
older and smaller clearcuts, such as those within the 
small box labeled 0. Taken Sept. 15, 1973 at an original 
scale of approximately 1:2,050,000. Illustration approx- 
imately 3.0 times original scale. 
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therefore seems less important than for MSS images because the greater 
resolution allowed for the detection of more clearcuts in summer when they 
are less distinct from the surrounding forest. Image analysis and overlay 
production was done two times with approximately one month between trials. 

A comparison of the overlays indicated that the accuracy of clearcut 
identification averaged within 5 percent on the two triads and did not 
exceed 10 percent for any pair of overlays compared. 

It was found that seasonal effects played a crucied role in de- 
termining the usefulness of Landsat imagery for clearcut identification. 
Band 5 images were used in the identification and mapping of clearcut 
locations. Summer images acquired in this band were found to be superior 
to images from band 7, on which virtually no clearcuts could be identified. 
For winter images , bands 5 and 7 seemed equivalent in the amount of 
information that could be extracted from them. 

Images acquired during periods when there was no leaf cover or 
snow cover provided virtually no useful information on the location of 
clearcuts. Larger and more recent cuts were easily identified on images 
taken at times of full leaf cover; however, smaller and older cuts were 
more difficult to distinguish from the surrounding forest. It appears 
that early summer images allow for easier clearcut identification than 
those taken later in the summer because there is a greater spectral con- 
trast between cut ard uncut forests at that time. 

Images acquired when there is snow on the ground can be used to 
identify clearcuts, including many of the smaller and older cuts that are 


more difficult to observe in the summer. Clearcuts as small as 2 hectares 
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and 10 years old could be detected on enlsurged Landsat MSS B&W images 
taken when a snow cover was present (Figure 13 I, A). Figure 13 illu- 
strates the comparison of summer and winter MSS images. 

On all Lemdsat images, it is significantly more difficult to 
differentiate between clearcuts and other land uses, than it is on aerial 
or space photography due to Landsat 's poorer resolution capabilities. 
Variations in terrain illumination due to topography, accentuated by lower 
sun angles in winter, results in some added confusion at that time (Figure 
13 I). Clearcuts appear as lighter toned areas in both winter and sximmer 
images . 

The mapping of clearcuts was relatively easy when the 5x photographic 
enlargement was further enlarged to the 1:125,000 base map scsde using an 
overhead projector. Little information on revegetation could be derived 
from this analysis except through a comparison of detectability of clear- 
cuts on winter and summer images. Cuts visible in winter but not in 
summer may be sufficiently revegetated to appear similar to the surrounding 
forest in the summer but be bare enough that there is little interference 
with reflection from snow in the winter. 

Analysis of RBV images indicates that clearcuts can be identified 
using this sensor, both in the winter and the summer. Comparing an RBV 
£md an MSS band 5 image acquired on the same overpass shows that the 
RBV's higher resolution and larger scale is useful in identifj'ing, with 
greater certainty, the existence of smaller clearcuts. Cut bo\indaries 
are generally more distinct in the RBV images than ’u the MSS images. 

Figure iJ* illustrates the comparison of MSS band 5 and RBV images. 
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Figure 13: 

Conparison of vinter and summer Landsat band 5 multi spectral 
camera images. Small clearcuts were more easily seen on images 
acquired when a snow cover was present (lA), than on Images 
acquired during the growing season (IIA). Clearcuts were often 
not differentiable from other land uses. The clearcut at D can- 
not be distinguished frcan the farm pasture at E. The revegeta- 
tion of a site may be assessed by canparing its visibility on 
winter and summer images. Revegetation at C seems less complete 
than at B. The new cut at G may be mistaken for an older 
revegetated cut unless prior records are available. The lighter 
areas at F are a result of differential illumination and reflec- 
tance due to topography. 

I - Taken Feb. 22, 1977: II - Taken August 17» 1976: Original 

scales approximately 1:3»369»000. Illustrations approximately 
15 times original scale. 



Figure Iki 


Conparieoa of Leateet Ifciltiipeetral Sceaner (MSS) bead $ aad 
Return Beta Vldicon (RB?) lugery. RBV iaages allow Tor the 
identifieatioo of aaaller elearcute, such aa those at A. 
Boundaries ere aore dietlaet on the RBV isMges (B). The 
larger scale aad hettw feetotlon of the RBV does not relieve 
the problne of eonfuetag lend usee, as can be seen by the 
comparison of tlM farmed area at C aad the clearcut at D. 

Taken May 27* 1978. I - Original scale approximately 
1:3*369*000* Illustration ^^roximately 15 times original 
scale. II - Original scale approximately l:l*68b,000, 
Illustration approximately 5 times original scale. 
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Although no eomtt wtro sudo of altolMtifiod nroM, It npponrod 
that aoro areas would ht aiselassifl^ cm vintor istagsa than on •unstr 
iaagts had prior knovlcdgo of the area not boon possossod hjr tht in- 
vestigator. It VES determined throng photo interpretation that the sds- 
classified areas were often illuminated topogra^ic features. Prior 
knowledge of the area pre^^ted the sdeelassifieation of several areas 
that appeared similar to cleareuts. Certain known clearcuts were not 
identifiable because they could not be distinguished fk‘<Ms other adjacent 
land uses. 

U.3.2 Color- Additive Viewing 

Color- additive viewing of the original 1 : 3*369 tOOO, 70 nm MSS images 
proved to be of little value. The scale of the image produced on the 
viewing surface of the color-additive viewer (approximately 1:1,000,000) 
was such that it was difficult to obtain sufficiently precise alignment 
and to create, unique and discernible color signatures for characteristics 
of interest, i,e., levels of revegetation , farmland versus clearcuts, and 
older versus recent clearcuttlng. The results using the 5x enlarged 
transparencies were much n»re favorable and the enlargements were there- 
fore used for analysis. Using the enlargements, the scale of the image 
displayed on the CAV screen was approximately 1:200,000 and desired 
ft:;itures could be more clearly observed. 

Combining images taken on the same date in different bands, and 
combining images taken on different dates, both yielded valuable informa- 
tion. combining bands 5 and 7 for one summer scene, it was possible 
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to dlitlnguioh roui^ily dl^formt a<t of cuts ond toaortl lovolt 

of rovogttotloo. Itao taount of rtvogototlm vm assuMd to bo cone oUy 
rolotod to tho oaouat of tiao tlopood oioeo cuttiaf, oltheuib it !■ kaova 
that it io pootiblo for r^onorotioa to doortoot ovor tiao m a roault of 
grazing bgr door. 

SbovB in Figuro 15 aro tho diff«r«)eof in appoaraaeo of elMreuto 
of various agos that can bo dotoetod using difforMt Lsadsat bands froa 
tho ssae dato. ^o eoa^aing of taagi^, tskoa, oovoral yoars apart allovs 
for the easy diff«^ostiati«i of elMreifttbig tlat occurred in the tiae 
between the two iaago datosi however , olter cuts aro not differentiated 
froB faralands (Figure l6). If a spring iaa^ is included in the coabina> 
tion of Bulti-date inagea, it becoaes possible to differentiate the older 
cuts troa the farmlands because of t}» unique tone of the fazas oo the 
spring image (Figure 17 ). Information on the age of cuts could be ob- 
tained successive mapping efforts; however, the ca|>acity to distii^ish 
between farmland and clearcuts would not be available withox;^ the use of 
a color .additive viewer. 

U.3.3 Digital laage Analysis 

The results of the digital analysis of the August 17 * 1976 Landsat 
scene indicated that this techniqtM yielded inaccurate classification 
of clearcut lands. The procedure also is costly (dSOO/tape * computer 
time) and time consuming. Variations in clearcut cover condition, the 
presence of land uses with similar spectral responses in the wavelengths 
being sensed, and illumination effects from topographic relief were con- 
tributing factors to the difficulty of digital identification and 
classification of clearcuts. 



appearance cf clearcuts ol’ different ages resulting -roni 
color-additive viewing of sane date Landsat V.SS images. 
Illustration is a coiiibinat ion of August 17 » 19Tt> ban 5 
positive projected with red light, aiid a band 7 positive 
O'-'^^ected with green. In general, the most recent cuts 
have the greatest component of red in then. The areas 
at F and D were cut in 1975 and 1976 respectively. Areas 
E and C, cut in 1973 fi-al 197^ respectively, sh 'w a greater 
ccr.ponent cf pale orange conbined with red, ti. tne nore 
recen- cuts, ftill older cuts at ^ 

are ncrtlv pale crunge, wfiiie cuts a^, n, n.a-e i.. , 

lest most' cf their ora-age color, luid appear a s.onewhat 
lighter grav-green than their surroundings. Fair-.land at 
G cu:'.MOt be* distinguished frets the clearcut at K. 

0-igir.al image scale apprcxinately 1:3,369,0^0. pru^ec-Cv, 
to apii-cxinately 1:100,000 for tu-.alysis. Illustration 
..-r.-rv->.arelv 1.5 tinoc projected scale. 




Separation of recent and older clearcuts through color- 
additive viewing of nulti-iate images. Illustration is 
of an August 20, 1972 band 5 negative projected with 
blue light, and a February 22, 1977 band 5 positive 
projected with red light. The light pink areas at A 
were clearcut in the time that elapsed between the image 
dates. Areas cut before the earlier image date appear 
red (3). The farmland at C could be differentiated from 
the recent cuts at A, but not the older cuts at E. D is 
an area of cloud and cloud shadow. Original image scale 
approximately l:5,3t9,000, projected to 1:200,000 for 
analysis. Illustration enlarged to approximately 1.5 
times projected scale. 





Separation of clearcuts and farmland through color- 
additive vievin/^ cf multi-date images. Illustration 
is of an August 20, 1972 band 5 negative projected 
with green light, a February 22, 1977 band ? positive 
projected in blue, and a March 2U, 1973 band 7 
positive projected in red. The pink color of the farm 
lands at A can be easily differentiated from both the 
light blue recent clearcuts at B, and the older cuts 
at C. Cloud and cloud shadow occur at D. C/riginal 
image scale approximately 1; 3, 369,000, projected to 
1:200,000 for analysis. Illustration enlarged to 
approximately 1.^ times projected scale. 
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An attempt at classifying the study sites using an unsupervised 
classification scheme was unsuccessful. Although further refinements 
could have been attempted, the similarity of reflectance values of the 
classes of interest, the extremely poor results of the initied trial, 
and the lack of success reported by earlier researchers caused the author 
to devote his attention to supervised classification. 

In order to select training sites for the supervised classification, 
brightness maps for all four bands were developed. It was found that 
clearcuts could be most clearly distinguished from forests on the band 5 
brightness map. Prior knowledge of the area was needed to distinguish the 
clearcuts from farmlands and small urban areas which had nearly the same 
spectral reflectance as the clearcuts. Signatures were developed for the 
classes "clearcut," "forest," "urban," and "farmland" by averaging the 
reflectance values obtained from several training sites for each class in 
each of the four spectral bands. 

When pprtions of the study area were classified using these signa- 
tures, many areas were misclassified. In general, the problem resulted 
from the similarity of spectral signatures among most of the classes of 
interest. Slight variations in reflectance over small areas caused most 
clearcuts to be classified as a conglomeration of symbols representing 
clearcuts, urban areas, farms, and other. Applying a canonical analysis, 
and using the results to classify the area, did little to improve 


classification. 
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U.1+ Comparative Summaries 

U.U.l Suitability of Imagery Compea‘ison 

The suitability of various films and sensors, scales, and seasons 
for the identification of clearcutting and the assessment of revegetation 
is compared in Table 5* Revegetation in the table refers to the establish- 
ment of plants of any type on a clearcut piece of land, as opposed to re- 
generation which implies the establishment of trees similar to those re- 
moved or of other desirable species. The reason for the use of the less 
specific term is that species identification is virtually impossible at 
the smedl scales being examined. 

U . U . 2 Value of Stereoscopic Analysis 

The remotely sensed data were viewed stereoscopically using a 
vauriable magnification (zoom) stereoscope which enabled stereo viewing 
at scales of 2.5 to 10 times those of the originals. 

Only for the larger scale imagery did stereoscopic viewing provide 
significant information in addition to that obtainable through monoscopic 
analysis of enlarged imagery. Judgments of the approximate height of re- 
vegetation could be made using the 1:130,000 summer CIR photographs 
(Figure 10). This was done best at an enlargement of lOx. 

In viewing the 1:120,000 natural color photographs taken when the 
trees were bare, stereo viewing was sometimes helpful in verifying if a 
tonally unique area actually had been cleaicut by allowing one to deter- 
mine the height of the vegetation present. This was not critical in 
summer images where clearcut s were more clearly identifiable by their 
sharp boundaries and tones alone. 
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Legend on following pa«e. 
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Table 3 Continued: 

LEGEND 

CIR - Color Infrared 

NC > Natural Color 

BiW - Black-and-white 

BIR - Bl€«;k-and-White Infrared 

ETC - Earth Terrain Camera 

MSC - Multispectral Camera 

MSS - Multispectral Scanner 

RBV - Return Beam Vidicon 

NA - Not Applicable 

CAV - Color-Additive Viewing 

** - Stereoscopic Viewing Helpful 

1 - 100% of Clearcuts Identifiable 

2 - 85 to 99 % of Clearcuts Identifiable 

3 - 60 to 8U% of Clearcuts Identifiable 

U - 25 to 39 % of Clearcuts Identifiable 

5 - 0 to 2U% of Clearcuts Identifiable 

V - Very Good, Presence or absence of revegetation clearly identifiable, 
relative amounts determinable, and approximate height or 
condition of revegetation available with stereoscopic 
viewing 

G - Good, Presence or absence of revegetation clearly identifiable, 
relative amounts determinable 

F - Fair, Some general information on revegetation interpretable 

from slight tonal differences on original imagery, or 
through image enhancement 

P - Poor, Little or no information concerning revegetation avail- 

able 
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Stereo viewing of the 1:1»00,000 scale photographs provided topo- 
graphic relief information, but was of only limited use in clearcut 
identification and revegetation assessment. The full tree crowns visible 
in the summer were distinguishable as taller than the enclosed clearcuts; 
however, when no leaves were present, the ability to differentiate 
heights at this scale was largely absent. No information about the status 
of revegetation was possible over that provided by monoscopic viewing of 
image enlargements. The topographic information available from stereo 
viewing at this scale may be usefxil in determining the potential environ- 
mental impact resulting from an identified clearcut, and also in locating 
the site of the cut on maps developed for continuous monitoring pvirposes. 

At the smaller photo scales provided by the Skylab multispectral 
camera, stereo viewing adds no information. No stereo coverage acquired 
by the ETC was available. 

h.l*.3 Comparison of Enlargement Techniques 

The ability to clearly enlarge images covering large areas, and to 
map the information available at the enlarged scale, w'as crucial to the 
analyses of this study. The enlargement techniques found most useful for 
the identification and mapping of clearcuts were overhead and rear-view 
preelection. These techniques allowed the investit*ator to view a large 
portion of an image at the mapping scale. There was no need to constantly 
bring a new portion of the image into view and then realign the overlay being 
devei'^ped. The inability to view the enlarged area stereoscopically was of 
little significance since stereo vievring was found to be of value 
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only at the largest scales being considered, and then mostly in the 
assessment of revegetation. Overhead projection was selected as the 
eiilargement technique for this investigation. Table 6 lists the five 
enlargement techniques investigated and the relative advantages and dis- 
advantages of each. 

. 5 Results of Field Investigation 

The most significant finding during the field investigation was 
the variability in the amount and type of revegetation present on clear- 
cuts of similar ages. In most of the cuts in study area A, a 15 to 20 
foot high, young forest stand was well established after an 8 to 10 year 
period, which is in accordance with Lang's (197?) prediction of 3 to 10 
years for a cleeu'cut in Pennsylvania to resemble a young forest when 
properly carried out, and 15 years if the clearcutting was improperly pre- 
scribed or performed. In contrast, study area B contained numerous sites 
that were composed largely of grasses and ferns with few or no yo\ing trees 
(e.g., the numerous small cuts found near Henry Mills, Appendix B, Figm-e 
B 3, were in this condition). This finding helped to explain why these 
small clearcuts could be noticed after over 10 years; their appearance, 
especially in the winter when the grasses and ferns would be buried under 
snow, w'^vld be very similar to that of clearcuts only a few years old. 

As a result of the finding that many clearcuts in study area B were 
not returning to forest, a brief comparison of study areas A and B was 
made on the August 1976 and the December 1978 images. It was found that, 
in both summer and winter, cuts of similar ages and sizes were less dis- 
tinct from the surrouj.ding ^orest in study area A. The smaller cuts. 
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grovn back to ferns and grasses, could not be conclusively identified on 
the svunmer images, but were more easily seen on the winter images. 
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The agric\iltural lands in the study area contained no row crops, 
but were rather grassy pastures. It was also learned that regeneration 
on a clearcut site did not necessarily increase with time, but could de- 
crease significantly as a resvdt of grazing by deer. The revegetation 
of a site, however, should generally be expected to increase or remain 
constauit with time. Recent clearcuts contain a large amount of exposed 
soil and logging slash throughout the clearcut area. 


5 . DISCUSSION 


5.1 Factors Affecting Clearcut Identlfiablllty 

The major factors affecting the usefulness of various rmotely 
sensed data for clearcut identification in hardwood forests were: 

(1) season of imagery acquisition, (2) imagery scale and resolution, 

(3) imagery quality, (U) sensor spectral sensitivity, (5) similarity 
of surrounding land uses, (6) user familieu’ity with area of interest, 

(7) revegetation status, and (8) effects of topography and sun angle 
on illumination. 

5*1.1 Season of Imagery Acquisition 

The season of imagery acquisition was found to be very important 
for clearcut identification in hardwood forests. Comparison of non- 
growing and growing season photography indicated that, at small scales, 
virtually no clearcuts can be identified on photos taken at a time when 
trees are bare. Growing season photography, on the other hand, is very 
valuable both for identifying clearcuts and the assessment of the status 
of revegetation within the cuts. No photographj’ cf the study area was 
available during a period with snow cover. 

The value of Landsat imagery is also greatly affected by season. 
Coverage acquired during nonleaf periods when no snow was present was 
of no value for clearcut identification. Many cuts can be detected on 
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Landsat MSS and RBV aunmer Images. Surprisingly perhaps, more cuts appear 


on images acquired when there is a snow cover than during the growing 
season. Suxomer images can provide some very limited information in re- 
vegetation, while no such information can be obtained from winter images 
alone. 


5.1.2 Imagery Scale and Resolution 

In order to consistently identify clearcuts of two to five hectares 
in size, it is best to examine imagery at a scale of approximately 
1:200,000 or larger. At this scale, a square four hecteure clearcut would 
be imaged as one sq. mm. Imagery must be acquired at a suitable scale or 
must have sufficient resolution quality to allow for enlargement without 
image degradation. 

Aerial photographs at a scale of approximately 1:130,000 showed all 
of the clearcuts in the study area, and yielded substantial information 
on the extent of revegetation within and among cuts. Nearly 100 percent 
of the clearcuts were identifiable, and revegetation information was dis- 
cernible, on 1:1438,000 scale photos taken during a suitable season and 
with a suitable film. CIR film at this scale yields somewhat less informa- 
tion on revegetation, but provides larger area coverage per frame and 
virtually 100 percent clearcut identification ( 97 % identified in present 
study). Skylab ETC 1:950,000 scale photos also allowed for 100 percent 
clearcut identification, as well as information of revegetation. At 
smaller scales, it became difficult to identify all of the cuts within an 
area; however, more than 50 percent of clearcuts coiild be identified even 
at scales of 1:3,369,000. 
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Identification, and especially mapping, of clearcuts and revegeta* 
tion at the original scales of the images was often difficult. As long 
as the resolution characteristics of the images were such that they 
could be enlarged without significant information loss, enlargement of 
the Images greatly simplified these tasks. All of the imagery used in 
this study was enlarged to a scale of approximately 1:123,000 without 
aptMurent significant loss of detail. 

5 . 1.3 Imagery Quality 

Imagery quality refers to the clarity and sharpness of an image 
or photo and to its color or tonal contrasts. Quality is governed by the 
conditions present from the time of imagery acquisition through final 
product processing. It is important not to confuse the quality of imagery 
with its usefulness for a particular purpose. Although certain imagery 
may be of excellent quality, it ma^ provide little to no information for 
a given investigation, since it ma^ not be recording information in a 
suitable spe-,'tral range or at an appropriate scale. 

The quality of the original imagery used in this study was con- 
sidered satisfactory for assessing its value for cleau'cut monitoring; 
however, certain Landsat scenes, particularly the scene from August 1972, 
was somewhat degraded due to striping. 

Although listed separately from quality on computer listings of 
imagery availability, cloud cover (and haze) could be considered as com- 
ponents of quality since they effect the clarity with which one can detect 
areas of interest. The presence of clouds or haze may have affected the 
accuracy of elearcut identification on a number of Landsat images and on 
the Sky lab 1-!SC photos. 


-(It- VI*. '^1 ■ 
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Of importance aleo ia the quality of photf^grai^ic enlargements made 
for this study from the purchased 70 mm images. Experimentation was done 
with various exposures and contrast filters to obtain the most satisfactory 
product for further enlargement by overhead projection or color-additive 
viewing. Since high magnification is often required for clearcut identi- 
ficacion and/or delineation, imagery sharpness is crucial for analysis. 

All of the illustrations reproduced in this paper are at least 
:? or 3 generations removed from the imagery actually used in the analysis, 
and so may not depict features of interest as clearly. 

I 

5.1.h Spectral Sensitivity and Resolution of Sensor 

The spectral resolution of a film or sensor refers to that portion 
of the electromagnetic spectinsn which is sensed and recorded by it, while 
its spectrsd sensitivity determines how many levels of radiation re- 
flectences can be distinguished. Of the films examined, CIR was found 
to be the most useful for clearcut identification and revegetation assess- 
ment. While B&W and BIH photography at a suitable scale and season 
generally yielded detection of nearly as many clearcuts as the CIR, they 
provided less Infometion about revegetation, because in the spectral region 
sensed using the 34W emulsions, the difference in reflectivity of well 
revege^ated and poorly revegetated areas is not as marked as in the 
region sensed with CIR film. 

k'^ Shown in Table ] , the suitability of a spectral region for de- 
tection of an object of interest is related to scale. Black-and-white photos 
at a scale of l;ij38,UOO were very useful for clearcut identification, 
while l;i,C5D,000 scale !>!SC BiW photos were of little vau.ue. 
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Landsat imagery fran bands 5 and 7 vas used for analysis . It was 
found that neither band was of use for clearcut monitoring if acquired 
when no leaf or snow cover vas present, because the reflectance from the 
exposed ground in a clearcut is not distinguishable from that below leaf- 
less trees. Duriiig the growing period, band 5 was found to be superior 
to band 7 because the band 7 image was oversaturated with infrared re- 
flectence from the vast amount of vegetation in the image. Both bands 
appeared equally useful during periods of snow cover as a result of 
snow's very high reflectivity at all of the wavelengths being considered, 
'jne spectral resolution and sensitivity of the RBV is such that cleeu*- 
cuts can be identified in images acquired with this sensor during both 


the growing and snow cover periods. 


5.1.5 Similarity of Surrounding Land Uses 

The study areas for many previously published reports were almost 
entirely forested, thereby removing the possibility of confusing clear- 
cut areas with other land uses. In the present study, small towns and 
agricultural lands primarily devoted to pasture were interspersed with 
the forest. The presence of these othei land uses created few identifi- 
cation problems at the larger scales examined. At the smaller scales, 
clearcuts appeared similar to these other land uses. The effect was 
particularly significant in the digital analysis of Landsat MSS data since 
the computer classified pixels strictly on reflectance values without 
considering such things as the size or configuration of areas being 
classified. Clearcuts, farmlands, and small urban &' .as were generally 
classified as a combination of all of these categories, as well as "other." 

j 
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The similarity of poorly regenerated clearcuts and grassy pastures led to 
confusion. The urban areas have large amounts of grass and many trees 
among the structures. 

5.1.6 Familiarity vith Area of Interest 

A factor that greatly affects the identifiability of cleai-cuts, 
and is closely related to the problem of sir^llar surrounding land uses 
( 5 . 1 . 5 ), is the familiarity that the investigator h*»s with an area of 
interest. An investigator who is familiar with a region can, through 
prior knowledge of the location of similar appearing land uses, eliminate 
these areas from his inventory of clearcuts. Recent aerial photography 
at a scale of 1:130,000 or larger can serve as a reliable substitute for 
ground experience. Prior familiarity with the area may significantly 
reduce the amount of field checking that is required to verify clearcut 
identification, and is especially useful in the analysis of Landsat 
imagery because of the greater possibility of confusion at Landsat *s 
sraa] 1 scale and relatively poor resolution. 

5 . 1.7 Hevegetation Status 

Tlie status of revegetation present on a clearcut can affect its 
identifiability on small scale remotely sensed imagery. A recently cut 
area contains a significant amount of disturbed soil and slash and is 
generally clearly distinct from the surrounding forest. Clearcuts that 
are poorly regenerated, and are composed largely of grass and ferns, are 
detectable for long periods, but may be confused with other land uses 
such as pasture. Well regenerated areas remain visible until they more 
closely resemble forest than cutover land. Clearcuts in the study area 
remained visible at least 7 to 10 yeai's after cutting. 
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5.1.8 Topographic and Sun Angle Considerations 

The differential illumination that occurs in hilly or rugged areas 
as a result of the topography can cause confusion in clearcut identifi- 
cation. Although it is possible that a shadow could mask the presence of 
a cut, areas of shadow are not likely to be confused with clearcuts since 
cut areas are almost always lighter than their surroundings. The 
possibility of confusing brightly illuminated areas with clearcuts is 
more likely. This is especially true during winter when lower sun angle 
combined with the presence of snow may create increased reflectance from 
ridges or other topographic features. 

5.2 Factors Affecting Data Selection 

It is necessary to consider one’s information requirements, as 
well as the resources at one’s disposal, before selecting a monitoring 
methodology. Information requirements that govern the selection of 
remotely sensed imagery for clearcut monitoring include: (l) thoroughness 
and accuracy of identification, (2) accuracy of location plotting, (3) 
detail of age and revegetation, and (k) repetition interval. The funds 
available for purchasing and analyzing imagery, and the availability 
of equipment and trained personnel, wi-1 also be important in selecting 
an appropriate data source. 

S . 2 . 1 TiuVrmation Requirements 

5 - 2 . 1 . .1 T!ioroughness and Accuracy of Identification 

Tlie tlioroughness and accuracy of clearcut identification will 
depend upon at least three factors: (l) the scale, resolution, and overall 

suitability of the imagery being used, i2) the mcThod of imagery analysis, 
and (3) tlie investigator’s prior knowledge of t:;e area being inventoried. 
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llie thoroughness of clearcut identification that is required by 
a user is a major consideration in determining what type of remotely 
sensed data is best suited for his needs. A decision that nearly 100 
percent of the existing cuts must be identified dictates the use of 
photography with sufficient resolution to allow for the identification 
of 1 or 2 hectare cuts that may be revegetated and similar in appearance 
to their surroundings. If the identification of approximately 75 percent 
of the cuts present is deemed satisfactory, Landsat RBV or MSS winter 
imagery should provide the needed information. 

The degree to which an investigator must be certain that he has 
not confused areas identified as clearcut with other areas will also 
affect his selection of a data source. Use of CIR aerial photographs at 
a scale of approximately 1:130,000 will virtually Insure correct identi- 
fication, while the most confusion will result from the analysis of B&W 
Landsat images. If field checking can be easily perfomed, the thorough- 
ness and accuracy of clearcut identification need not be as great as if 
time, access, or other restrictions are limiting. 

5. 2, 1.2 Accuracy of Location Plotting 

The accuracy with which the location of a clearcut can be mapped 
depends upon several factors, including: (1) the accuracy of the base 

map being used, (2) the quality of the data being examined, (3) how well 
the investigator can identify clearcut areas, and (1*) how well informa- 
tion transfer can be performed. Information transferred from imageiy to 
the base map can be no more accurately located than the inherent accuracy 
of the base map. The quality of the data and the analyst's ability to 
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identify cleeurcuts and their boundaries will determine the accuracy of 
the information to be plotted. This, combined with the acc\u*acy of the 
alignment of the map and the imagery, will determine how precisely a 
clearcut can be plotted. Registration of imagery with the base map will 
become more difficult as image resolution degrades and as distortion 
of the im8igei*y increases due to elevation changes. 

As mentioned by Murtha and Watson (1975)* there is both inter- 
and intra- image distortion present in imagery acquired by Landsat. This 
will create some problems in accurately mapping clearcut locations, 
especially on a year-to-year or other periodic basis. The inaccuracies 
should be minor enough that, although cuts may not be exactly aligned 
between one band or year and the next , it should be possible to determine 
which mapped cuts depict the same cut on the ground and approximately 
where the cut is located. 

5 . 2. 1.3 Detail of Age and Revegetation 

The amount of detail required regarding the age and revegetation 
of clearcut eoreas affect the selection of remotely sensed data. The best 
source of information on age and revegetation status can be obtained 
through analysis of CIR photos that are acquired during full foliage periods. 
Using this film and season, good results can be had at scales as small 
as 1:950,000. Very recent cuts appear gray -blue, somewhat older cuts 
have a smooth pink tone, and older cuts become progressively more red. 

Landsat imagery provides significantly less information on clear- 
cut age and revegetation status. No information of this type is ob- 
tainable from imagery acquired at times of snow cover. Summer imagery 
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may yield some information on age by the tones of the cuts. Using a 
color additive viewer to combine same date, sunsner images can provide 
additional information on cut age and revegetation. Ey comparing imagery 
acquired during the growing season with snow cover imagery, it is possible 
to gain some information on revegetation status. If a cut is clearly 
visible in the summer it is likely that it was recently performed or is 
poorly revegetated. Cuts that appear very clearly on winter imag ery, but 
poorly or not at all on sxanmer imagery, are likely to have a low vegetation 
cover of very young trees, grass, or ferns. Cuts that appear less dis- 
tinctly on the winter imagery amd very poorly or not at all on the s\immer 
imagery may be occupied by a young forest stand. These comparisons may 
be affected by other factors such as topographic illiamination, haze, or 
amount of snow cover, and therefore are relatively crude methods of 
gaining information on the status of revegetation. 

5.2.I.I4 Repetition Interval 

The frequency of clearcut inventory required will dictate in part 
what types of ranotely sensed data will be suitable for monitoring. If 
data must be acquired every few years, it is unlikely that aerial photo- 
graphy will provide sufficiently frequent data because of the expense of 
contracting for new photography and the often lengthy time span between 
coverage of an ai'ea by other agencies. Landsat images are available as 
frequently as every eighteen days (or every nine days if two satellites 
are operational), if the satellite is functioning properly, and if there 
is no cloud cover over the area of interest at the time of satellite over- 
pass. Satellite photography may become available on a relatively frequent 
basis with the advent of the Space Shuttle. 


5.2.2 Resource Availability 
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5. 2. 2.1 Funds 

The availability of funds affects both the type and amount of 
imagery that may be purchased and the analysis technique that may be 
employed. Contracting for the acquisition of new photography is far more 
expensive than purchasing suitable existing Imagery. The cost of pur- 
chasing existing color photography may be three times that of B&W photo- 
graphy. The cost of analyzing photographs is relatively low. 

Landsat imagery is available on a continuous basis and provides 
very large area coverage per imsige. Landsat imaigery is very inexpensive 
per square kilcaneter. Four RBV images are required to cover the area 
of one MSS scene. Visual analysis of Landsat imagery is no more expensive 
than that of aerial or space photography. Digital or coloii- additive 
analysis of Landsat data increases the cost of investigation if the 
specialized equipnent required must be purchased; however, the use of 
diazo foils should yield results similar to those gotten from the color- 
additive viewing without requiring costly equipment . Appendix C contains 
a table of costs of the imagery used for this study. 

5. 2. 2. 2 Equipment and Personnel 

The only equipment needed to do a thorough Job of clearcut moni- 
toring using any of the small scale imagery discussed in this paper is a 
machine that will enlarge the image transparencies onto a surface from 
which they can be mapped. An overhead projector was found to be best 
suited for this purpose. In order to gain the additional information 
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available through stereoscopic analysis, a zoom stereoscope must be used, 
while color-additive viewing requires the use of a color- additive viewer. 
Digital analysis of Landsat data requires personnel trained in computer 
programming and access to a suitable computing facility. 

5 . 3 Potential Methodologies for Clearcut Monitoring 
Using Small Scale Remotely Sensed Data 

The monitoring needs of forest managers will vary as to the type 
and accuracy of information that is desired regarding the occiirrence of 
clearcutting on lands under their Jurisdiction. It is for this reason that 
not one but three potential methodologies for clearcut monitoring are 
described. The first, a methodology to allow for very accurate clear- 
cut identification and the maximum amount of revegetation assessment, has 
the disadvantage of relying exclusively upon aerial (or if available, space) 
photography, which, due to its relatively high cost, cannot be obtained 
on a frequent basis. A second more general methodology, employing the use 
of Landsai- satellite data, sacrifices accuracy and detail for timely re- 
petitive coverage. The final methodology combines the use of detailed 
and general monitoring methodologies to form a continuous monitoring 
system in which detailed information is acquired when possible, and general 
trends are determined from Landsat data available in the interims. 

5 • 3 • 1 MethodolofO' I: Detailed Clearcut & Revegetation Surve y 

5. 3. 1.1 Acquisition of Aerial Photography 

In order to minimize monitoring expenses, a check should always be 
made to see if any suitable photography has been taken of the area of 
interest by a government agency or private firm. Tlie preferred film type. 
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season, and scale of the photography is color infrared flown in the 
summer at scales ranging from 1:120,000 to 1:1«50,000; however, color, 
black St white, and black and white Infrared should in most cases be a 
satisfactory substitute. Photographs should be purchased as trans- 
petrencies, so that enlargement will be easily possible for more 
detailed analysis and transfer to base map scales using overhead 
projection or other techniques. 

Existing small scale photography of many areas is available through 
the U.S. Geological Sxu*vey's Earth Resources Observation Systems (EROS) 
Data Center in Sioux Falls, South Dakota. Information regarding the 
available coverage for an area of interest can be obtained by vriting the 
EROS Data Center, and providing the longitude and latitude of the corner 
points of the area. 

Although this study emphasized the use of small scale remotely 
sensed data, it would be more economical, and would allow for more de- 
tailed monitoring, if recent, suitable, large or mediian scale photography 
were available for analysis. No benefit could be gained by acquiring 
new small scale photography under such circumstances. 

If no suitable photography of the study area can be located, it 
will be necessary to have new photography flown. The scales of photo- 
graphy flown by commercial firms generally are net smaller than 1:80,000. 
Any clearcutting monitoring programs planned to begin shortly would be 
able to use the photography being flown for the national High Altitude 
Data Bank (see section 5.5). Table 7 shows the characteristics of a 
mission designed to acquire the most suitable imagery for clearcut 


monitoring. 
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Table 7: 

Preferred mission characteristics for acquisition of small scale aerial 

photography for clearcut monitoring. 

CAMERA: single frame and lens; 93cm (9") format. 

FII/l/FILTER: color infrared (Kodak Aerochrcme IR 2UU3 or 

yellow filter (Kodak Wratten 12). 

SCALE: as close as possible to, but not smaller than 1:130,000 for 

stereoscopic coverage to aid in revegetation assessment; 
1:^50,000 for larger area ..arcut monitoring with less 
detailed revegetation assessment. 

OVERLAP: consecutive, vertical photography with (> 0 % endlap and 

20 % sidelap. 

cloud and haze-free condition; 
growing season (full vegetative cover); 
late morning or early afternoon coverage to maximize sun 
angle 


RESTRICTIONS: 
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5. 3.1.2 Selection of Base Map 

Base caps should he selected to allow for the recording of clear- 
cut locations at a scale suitable for the user, and compatible with the 
enlargement capabilities of the original imagery. It is an added benefit 
if a base map can be found that contains other information such as 
topography, ownership, tree species, etc., that is useful to a forest 
manager. The scale of the base maps may be several times larger than the 
scale of the photographs since, given good quality transparencies, the 
photo can be enlarged at least ten times. For example, a good quedity 
1:120,000 scale photo could be enlarged to the scale of 1:13»8U0, a 
scale much used in forestry. 

5. 3. 1.3 Location of Clearcuts and Revegetation Assessment 

The acquired photography, in the form of film transparencies, 
should be examined for the presence of clearcuts. At scedes of approxi- 
mately 1:120,000, direct viewing of the photos should be sufficient to 
detect clearcuts of almost any size. If smaller scale photos were ob- 
tained, it would be best to enlarge then to a scale of approximately 
1:120,000 using an overhead projector, or other enlargement technique, to 
help facilitate clearcut identification. It is best to transfer the 
location of identified clearcuts to an overlay of the selected base map 
which contains Just enough control to allow for e=-y realignment. This 
is recommended to eliminate the difficulty of clearly seeing a photo being 
projected onto a possibly multi-colored and/or detailed map. After com- 
pleting the overlay, each clearcut should be labeled in some way, and the 
date of the photography on which it was detected should be noted. 
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Age and revegetation aasesament Is done beat through iterooacopic 
analysis of the photos on a toon stereoscope. Each clearcut that was 
identified and mapped should be examined at maximum magnification to 
assess its condition. Individual users should develop some type of 
categorization system either for the assumed ages of the clearcuts or 
for their state of revegetation. The result of the assessment of each 
clearcut should be recorded. 

The usefulness of recording the date of clearcut detection and 
the results of age and revegetation assessment lies in the fact that 
this information can be compared with the results of prior or subsequent 
inventories. These comparisons may provide useful information. For 
example, if cut A was detected on a 1970 photo, and seen to contain low 
standing revegetation, and was fovmd to contain only grasses on a 
i960 photo, it might indicate that the area had been grazed back by 
deer and should be considered for protective fencing. 

5.3.1.i* Field Checking 

Little field checking should be required if aerial photography is 
used as the data source for clearcut monitoring. There should be very 
little confusion of land uses. The chief reason why field checks might 
be desired is to investigate areas interpreted as having a poor vegetative 
cover, in order that detailed information might be obtained so that re- 
medial measures could be undertaken. 

5. 3. 1.5 Limitations of Detailed Survey 

The only major limitation of the detailed survey methodology is 
that it requires aerial photography, which is expensive to obtain unless 
the costs of acquisition and initial development are covered by another 
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party. Photography flown for other uaert nay be available for an area of 
Intereitf but the frequency of the availability of new photography ia often 
on the order of five to ten years or nore. Long periods of tine, during 
>^ich nuch can occur, nay therefore elapse with no nonltoring taking place. 
If infomation is not required nore frequently than five to ten years, 
detailed surveys shoxU.d be vised. 

The cost of acquiring new photography nay be reduced if several 
potential users combine their resources and have a nission flown that 
will provide Infomation satisfactoi*y to all parties. Barel* would the 
sane conditions be ideal for several users, and compromises in the u8e» 
fulness of the photography for clearcut monitoring nay need to be made. 

Space photography was found to provide fairly detailed information 
for clearcut monitoring. With the advent of the l,- .e Shuttle and the 
Large Fomat Camera, it nay be possible to acquire photography from this 
sensor on a more frequent basis, if costs are not too high. 

5 . 3.2 Methodology II: General Reconnaissance Survey 
5 . 3 . 2.1 Acquisition of Landsat Imagery 

Lists of adl Landsat imagery available for a particular area of 
interest can be obtained from the EROS Eata Center. A band 5 B4W trans- 
parency should be obtained for any good quality, nearly cloud free image 
taken during the growing season or when & snow cover is present. If 
weather conditions in the study area are such that numerous suitable images 
are available each year, the best two or three from each season should be 
purchased. The purchase of a suitable image taken several years prior to 
the onset of continuous monitoring would be of value for establishing a 
base against which to look for changes in the forest which may indicate the 
occurrence of clearcutting. 


If color-additive viewing will be used as an analysis technique « 
the band 7 transparencies should be purchased fc'. the ssae dates as the 
band 5 imagery. It may also be useful to purchase a spring image « which 
may be helpful in distinguishing clearcuts from other land uses in the 
area. 

5. 3. 2. 2 Selection of Base Maps 

Because of the very small scale of the La.idsat imagery, it is 
necessary that the base map selected for the recording of clearcut loca- 
tions not be of so large a scale that degradation of imagery occurs during 
enlargement of the imagery to map scale. This is especially important 
since few reference points are identifiable on the Landsat imagery for 
use as guides for plotting the clearcut locations. In this study, satis- 
factory results were achieved by transferring information to a map at a 
scaile of approximately 1:125,000; however, it is not recommended that maps 
of significantly larger scale be used. 

5. 3. 2. 3 yamiliarlzation with Study Area 

In contrast to aerial photography, on which almost all major land 
uses can be distinguished from one another, several land uses may give 
spectral signatures that appear almost identical and indistinguishable 
on Landsat imagery. Only persorjiel vho are or will become familiar 
with the locations of relatively permanent land uses such as farming and 
small urban development, which may be confused with clearcut aireas during 
image analysis, should perform the Landsat image analysis. This will 
allow for a more accurate inventory of clearcuttin& 
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5«3»2.1* Location of Clearcuts and Possible Revegetation Assessment 

The B&W band 5 transparencies should be enlarged eind analyzed by 
persons familiar with the study area in order to identify those areas be- 
lieved to be clearcuts. A single base map overlay, identifying the clear- 
cuts detected on the various images examined, should be maintained for 
the study eu*ea at base map scale. 

It meiy be possible over time to obtain some information on re- 
vegetation status of the identified clearcuts. V/hen a clearcut becomes 
difficult to detect, it is likely that it is well revegetated. Cuts clearly 
visible in winter, but not visible in summer, are likely to contain vege- 
tation that is short enough to be covered by snow. Revegetation assess- 
ment must be considered to yield only crude estimates. 

If equipment for color-additive viewing is available, it is 
possible to improve the identifiability of clearcuts from other land 
uses by simultaneously viewing imagery taken at a different time of the 
year, and the assessment of age and revegetation by simultaneously viewing 
imagery taken in bands 5 and 7 on the same date. The acquisition and 
color-additive viewing of annually obtained MSS imagery will allow 
for the exact identification of the year in which any particular clearcut 
was performed. 

5 . 3 . 2 . 5 Field Checking 

Field checking may be desired to ascertain the identity of areas 
identified as clearcuts, but with a poor degree of certainty. Areas 
suspected of being poorly revegetated may also be field checked to de- 
termine their condition and whether or not remedial measures should be 


:aken. 
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5«3.2.6 Limitation of Reconnaissance Survey 

There are several limitations to the reconnaissance survey metho- 
dology, chief among them being the inability to detect nearly 100 percent 
of existing clearcuts. The relatively low resolution of the MSS and RBV 
sensors makes it difficult to detect small cuts. A prior knowledge of 
the area is needed to distinguish clearcuts from other land uses that have 
similar tonal appearances on Landsat imagery. Also important is the fact 
that little information regarding revegetation can be obtained from a 
Landsat image. Revegetation information must be inferred from a compeuri- 
son of two bands or dates of imagery. Although a Landsat satellite passes 
over a given ground location every 18 days, there is no guarantee that 
(."'nditions will be favorable for the acquisition of an image of suitable 
quality for clearcut monitoring. A greater amount of field checking is 
also required for this survey method. 

5 . 3.3 Methodology III; Combined Monitoring System 

If one ccHnbines the key components of the detailed and general 
monitoring methodologies , one can create a system in which the major 
limitations of each individual system are substantially minimized. The 
detail provided by the analysis of aerial photographs allows for the 
detection of clearcuts that may not be visible on Landsat imagery, and 
for the more thorough assessment of age and revegetation status. If 
photographs can be obtained at the beginning of a monitoring program, 
their analysis will familiarize the investigator with the study area, and 
thereby improve the subsequent analysis of the Landsat imagery. The 
very low cost and repetitive nature of Landsat imagery makes it a useful 
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data source for the monitoring of clearcutting during periods when no 
new aerial photography is flown. Those cleeurcuts not detected on the 
Lemdsat imagery can he identified at a later time when aerial photos be- 
come available. In the interim, significantly more information will be 
available at little expense, through the Landsat analysis. 

The remotely sensed data should be of the same form, arid obtained 
from the same sources or in the same manner as described in Sections 
5. 3. 1.1 and 5. 3. 2.1. Ideally, a detailed survey using aerial photography 
should be considered the first step in a continuous monitoring program, 
since it establishes a thorough inventory of clearcuts present at the 
start of the program and familiarizes the analyst with the study area, 
thereby improving his or her ability to analyze future Landsat imagery. 
Once the location of existing clearcuts and areas that appear similar 
to clearcuts on Landsat images have been identified and mapped, future 
clearcuts can be detected as changes in land use from previous imagery. 

If images are acquired each year, all of the clearcuts that occurred in 
the interim between image acquisition will still be in a relatively dis- 


tiu'bed state with little revegetation present. Tnis will allow for easier 
identification of clearcuts than is the case when Landsat is used to 

I 

I inventory an area where clearcuts of various ages and levels of revegeta- 

tion need to be identified. 

i Aerial photographs should be purchased whenever they become avail- 

'] able through other agencies, or contracted for when information needs re- 

P 

i quire it and funding is available • Good quality Landsat imagery (MSS and 

I RBV) taken during the growing season or when a snow cover is present, 

I 

I should be purchased when it becomes available. 
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Analysis of the various types of imagery should be carried out in 
the same way as vas described in Sections 5*3. 1.3 and ^.3.2.U. Due to 
the different scales of the aeried photography and the Landsat imagery, 
it may be necessary to use base maps of two different scales. Field checks 
should be mfde at the users discretion, but the number should be inter- 
mediate between that needed for the detailed and general surveys. 

The thoroughness of this methodology will be limited by the amo\mt 
and frequency of imagery obtained and by the inherent limitations on the 
information that can be derived from the various types of imagery examined. 


5.J+ Examination of Potential Transferability of Findings 

After completion of the analysis of the remotely sensed data of 
the study area, a less comprehensive examination of certain remotely sensed 
data for a forested region in New York State was conducted in order to 
determine in a general way whether the r .ults obtained regarding the 
monitoring of clesircutting in the study area weretransferable, at least 
in part, to other regions where the terrain was more rugged, the forests 
were not predominantly hardwood, and the timber harvesting techniques, in- 
cluding "clearcutting," were different than those in the Allegheny National 
Forest. 

5.h.l Methods and Materials of Comparison Investigation 

Two sites were selected in New York's Adirondack State Park, based 
upon the availability of documentation on several clearcuts occi’.rring 
within then. One site is located Just east of Catalin Lake in the central 
portion of the Park, while the other lies Just northeast of Loon Lake, in 
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the north central portion of the Park (Figure l8). Rath r than being pre- 
dominantly hardwood forests, the Adirondack forests are composed of hard- 
wood, coniferous, and mixed forest areas. This area was selected for 
the comparison study because it was known that Park officials were 
anxious to determine if small scale remotely sensed imagery could be em- 
ployed to monitor clearcutting within the Peu*k. 

Ground data for the site near Catalin Lake was in the form of a 
vegetative description map of the Archer and Anna Huntington Wildlife 
Forest Station on which were marked the locations of harvest sites and 
their year of harvest. Similar maps of portions of the land holdings of 
Sher-Don Associates, Inc. had been marked to show the locations and year 
of harvest of clearcuts performed by that firm. Shown in Table 8 is a 
list of the remotely sensed data of the Adirondack region obtained for 
examination. 

The 1:120,000 CIR photographs of the study sites were stereo- 
scopically examined using the zoom stereoscope in order to see if the 
known clearcuts could be located and identified. The Landsat imagery was 
photographically enlarged approximately 5 times to form B&W negative 
transparencies which were then examined at a scale of approximately 
1:125,000 with the aid of an overhead projector. Overhead viewing was 
also used to examine the Skylab photograph. 

5.^.2 Results of Transferability Examination 

Harvested areas in the Adirondack study sites could be easily iden- 
tified through monoscopic or stereoscopic analysis of the CIR aerial 
photographs. The strip clearcuts on the Sher-Don lands were clearly 
identifiable by the appearance of alternating rows of gray or pink clearcut 


areas 



Adirondack region of New York State 
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strips between deeper red or red-brown rows of standing forest. Par- 
tially cut stands, probably being harvested by the selection cutting method, 
were 2dso clearly visible. The cuts in the Huntington Forest could be 
easily identified by the somewhat mottled appearance of the cut areas. 

This resulted from small darker red patches of uncut trees or established 
revegetation, appearing among the smoother textured, pink or pink-gray 
areas where nearly all of the tree cover had been removed, and revegeta- 
tirn was at an early stage. The appearance of logging roads also helped 
in the identification of these areas. 

Skylab photography covered only the Huntington Forest. Harvested 
areas could be identified by their lighter appearance in comparison to 
the surrounding forest. The cuts appeared less distinct than those that 
were identified on the Skylab photographs of the Allegheny region. 

The Landsat MSS image, taken in the winter with snow cover present, 
was only somewhat useful for clearcut identification. Certain known cuts 
were detectable by their light tone which could be distinguished from the 
lighter tone of the small lakes and the darker tone of the surroiinding 
forest; however, differential lighting resulting from the rugged topo- 
graphy caused many areas not believed to be cut to appear so. Nonforested 
wetlands, with vegetation low enough to be covered by snow, may also be 
confused with clearcuts. The strip cuts on the Sher-Don lands were not 
detectable on the MSS winter images. 

Certain areas of cutting could be identified on the summer RBV 
image as lighter toned areas amid the darker forest. Those cuts done in 
the past few years were most easily detectable. The strip cuts on the 
Sher-Don lands were not detectable, perhaps due in part to scattered 


clouds over the area. 
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5.U.3 Discussion of Potential Tr an sf err ability 

The resxilts of an examination of several small scale Images of 
portions of the Adirondack Park in New York State indicate that charac- 
teristics unique to a region oan affect the ident if lability of clearcut 
ar<»ae. Tiiese characteristics reduce the possibility of detecting harvest 
activities on some forms of imagery while not affecting it on others. 
Several factors could be considered as possibly contributing to the in- 
creased difficulty of clearcut detection in the Adirondack region, chief 
among these being greater topographic relief and associated illumination 
variations, differences in harvesting practices including amount of 
timber felled and removed, amount of soil disturbance, distribution of 
slash, the amount of vegetation present after harvest, and the presence 
of coniferous and mixed forest types. 

The greater topographic relief in the Adirondacks created more dif- 
ficulty in distinguishing areas that were simply darker or lighter than 
their surroundings, from those that appeared lighter as a result of being 
clearcut. These problems are far less significant at a scale of 1:120,000 
than at a scale of 1:3,369,000. 

The clearcutting in the Allegheny region was almost exclusively 
block cutting in which virtually all of the trees in the block were re- 
moved. In the Adirondack region, the kr.ovT. clearcut s included strip cuts 
and cutover areas resulting from the removal cutting in a shelterwood 
harvesting system. The shelterwood, after removal cutting, resembles a 
clearcut after establishment -of revegetation, tut is not a true clearcut; 
however, by Adirondack Park Agency regulations, the removal cut con- 
stitutes a clearcut. One must first be oertain of v].'-- one is expected 
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to monitor before one determines whether other studies would indicate 
that a monitoring task can or cannot be acccsnplished. The fact that strip 
clearcuts were present euid that the shelterwood cuts were at no time as 
devoid of an overstory or reve«et«ition understory as the clearcuts in the 
Alleghenj' region helps to explain, at least in part, vhy their detection 
was more difficult . 

Although not dononstrated by the study, it can be hypothesized 
that clearcuts occurring in more similar forest types or harvested in a 
more similar manner to those in the Allegheny region would be more easily 
discernable in the Adirondacks . The results of this study smd the 
methodologies suggested for clearcut monitoring would be best suited to 
regions of hardwood forests where nearly all trees are removed in a single 
cutting and where the topography is not excessively mountainous. 


i 



The near future promises the introduction of new programs and 


systems for acquiring remotely sensed data. A program is underway to ac- 
quire aerial photography of the entire conterminous United States, while 
in the field of remote sensing from space there are at least two new 
systems being developed; the Space Shuttle Large Format Camera and the 
Land sat Thematic Mapper. 

A program to create a National High Altitude Photography Data Bank 
is a four to five year, multi-agency effort to image the entire conter- 
minous United States with high altitude aerial photographs, beginning in 
the spring of I98O. Black-and-white photos will be acquired at a scale 
of approximately 1:80,000 and color infrared photos will be at a scale of 
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approximately 1:58,000. All covercige will be stereoscopic with a 23 cm 
format (Cornell Remote Sensing Newsletter, 1979)* These photographs, 
especially those taken with color infrared fllr, should be very well suited 
for the identification of clearcutting, if they sure acquired during the 
growing season. Information interpreted from these photos will be useful 
in gaining a fami 2 iarity with an area to be monitored, suid for establishing 
a baseline inventory of clearcuts. 

The development of a Large Format Camera is being funded by NASA 
for testing and use on Sp>ace Shuttle missions. The first launch of the 
Shuttle is scheduled for early in the 1980s. The film format of the 
camera will be 23 x I 46 cm, with each frame covering 225 x U50 km, from an 
orbital altitude of 300 km (Doyle, 1978). The photographic scale of 
1 : 1 , 000,000 and resolution of 15 m would be almost identical to the very 
useful photography obtained with the Skj'lab Earth Terrain Camera. 

Originally scheduled to be launched in September 198 I as part of 
the Landsat D payload, the Thematic Mapper is now scheduled for earliest 
launch in mid-1983 on Landsat D-Prime (Covault, I 98 O). The Thematic 
Mapper will be a seven-channel scanner, covering a groxuid swath of I 85 km 
with a spatial resolution of approximately 30 m in its six nonthermal bands, 
and 120 m in the seventh thermal band. The bandvidths are selected to 
maximize vegetation analysis capabilities. Coiitrasts between vegetative 
and nonvegetative features, as well as contrasts within vegetative classes^ 
are emphasized by one spectral region, while another emphasizes contrast 
between soil and vegetation.- The better discrimination of both of these 
features, as well as the increased resolution, will aid in clearcut moni- 
toring using satellite imagery. 


6. CONCLUSIONS 


Monitoring of clearcutting in predonlnantly hardwood foreeta can 
be perfonced with varying degrees of accuracy and detail using small scale 
aerial photography, Skylab photography, and Lands at imagery. It is known 
that large scale aerial photography can provide accurate and economical 
information for clearcut monitoring; however, the successful application 
of small scale imagery makes investigations of large areas more rapid and 
cost efficient. 

It was possible to identify all of the clearcuts in the Allegheny 
study area using small scale aerial and Skylab photography. The season 
of acquisition is more crucial than either film type or sccde. The 
maximum number of clearcuts can be identified, and the maximum information 
regarding revegetation can be determined on photography acquired during 
the growing season. With this provision met, the most detailed monitoring 
can be performed through stereoscopic analysis of magnified color infrared 
photography at original scales of approximately 1:130,000. Such analysis 
allows for the detection of clearcuts as small as 0.5 hectares or less, 
and a general assessment of the amount and condition of the revegetation 
present. 

Aerial photography at scales of approximately l:h50,000 wm also 
found very useful. While CIR stereo photos at the 1:130,000 scale allowed 
for the greatest amount of information on revegetation, the 1:1*50,000 
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scale photos provided larger area coverage and were on par with the 1:130,000 
photos in the value for clearcut identificatim. The scale and resolution 
properti«:S of all of the imagery analyzed in this study allowed only for 
revegetation assessment (the re-establishment of vegetation of any sort), 
rather than the more desirable assessment of regeneration (the re- 
establishment of desired tree species). Photography at a scale of 
1:950,000 taken from Skylab also allowed for the detection of all of the 
known cuts in the Allegheny study area; however, it was helpful to have a 
prior knowledge of the area so that similar appearing areas such as past\a*es 
could be subtracted from the inventory of clearcut lands. 

Landsat Multispectral Scanner suid Ret\irn Beam Vidicon imagery, due 
to their smaller scale and lower resolution, were fo\md to be less re- 
liable sources of information for thorough clearcut monitoring. Photo- 
interpretation of enlarged B&W band 5 images revealed no clearcuts if the 
images were acquired when no leaf or snow cover was present. Clearcuts 
could be detected on images acquired during the growing season or when 
there was snow on the ground. While summer imagery allowed for some very 
rough assessment of age or revegetation, more clearcuts could be detected 
on the snow cover imagery. Clearcuts as small as five acres could be 
detected. The hig^.^r resolution of the HEV imagery was helpful for more 
clearly detecting clearcut areas. Color-additive viewing of multi-band 
or multi-date Imagery was useful in helping to establish age or dear- 
cuts, to distinguish them from other la.nd uses, and to yield rough in- 


formation on revegetation status. 
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Althou^ oany previous investigators working aostly in coniferous 
forests ^ere few other land uses were present| favored digital uialysis 
of Landsat imagery for elearcut monitoring) this investigation foiuid it 
to be of little value. The tonal variations within the clearcuts* the 
small range of spectral values composing the Image examined) and the 
similar appearance of other land uses made digital classification of the 
clearcuts difficult and inaccurate. Prior knowledge of the location of 
the more permanent land uses is very important to an analysis of Landsat 
data any means since it helps prevent the misclassification of these 
areas as clearcuts. 

The preferred method of enlargement for facilitating interpreta- 
tion and creating base map overlays of the location of identified clear- 
cuts was overhead projection. This Is a simple) inexpensive enr8U*gement 
technique, which enlarges large areas at one time and allows for direct 
mapping from the enlarged image. When using overhead projection it is best 
to plot the information interpreted onto an uncluttered overlay of the 
base map. 

Small scale remotely sensed imagery can be employed in a variety 
of elearcut monitoring methodologies. The greatest accuracy and detail 
can be obtained through analysis of aerial photography, but this is costly 
and often relatively infrequently acquired. Available at a much lower cost 
and theoretic-aily far more fre:; iently , Landsat data has the disadvantage of 
providing a less thorough and detailed survey of clearcutting. A combina- 
tion of those two data sources allows for a continuous monitoring system 
in which detailed information is obtained from photos when available or 
necessarjj and general trends are determined from Landsat data during the 
interim. 
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A l>rief analysis of several small scale images of a more mountainous, 
less predcmiinantly hardwood forest region in the Adirondack Mountains 
yielded less enco\iraging results for cleaircut monitoring. Harvested areas 
were easily identified on summer color infrared photos at a scale of 
approximately 1:120,000. Identification on Skylao photography was s^evhat 
more difficult, while Landsat analysis appeared to he significantly less 
successful than in the Allegheny region. It is believed that the more 
ri::gged topography and the use of different harvesting t ?chniques were 
major factors responsible for the apiarent decrease in clearcut detectability. 

Putxire monitoring efforts should be aided by the imagery provided 
by the Large Format Camera to be CEirried by the Space Shuttle, and by the 
Thanatic Mapper to be ceu*ried on Landsat D-Prime. The Thematic Mapper's 
expected 30 m resolution, its seven spectral bands, and the repetitive 
nature of its acquisition, should greatly improve continuous monitoring 
efforts. The nationwide high altitude photography being acquired could 
serve as a very good data source for the start of a clearcut monitoring 


program. 
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APPENDIX B 


Location of Study Areas A and B in the Allegheny 
National Forest, with the location of knovn 
clearcuts and the year and acreage of harvest. 
(Inforaation conpiled froD coopartment maps 
and records maintained by the Sheffield Ranger 
District, Allegheny National Forest) 




Iil2 


Table Bl: Lilting of tba year of barviit and tha aeraaga raaovad tor 
elaarcuti in Study Area A, ai nuabarad in Figure B2. 
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B 2 : Iiitting of the year of hanrett aad the ^reage rwacnred for 
elearottta la Study itraa B, aa ntaWred in flgore B3. 
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APPENDIX C: Coa^rfttlTe Cost of anall Scale Benoteljr Seused Data 

Purchased froa tht WOS teta Center, Sioux Falls, 
Soiitb Itakota (August 1^0 prices) 


SEIgORlPLAJFOiat PROKICT fIFE* NOMINAL IMAGERY SCALE COST/IMAGE ($) 
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• - all products are positive transparencies 
•• - Earth Terrain Camera 

# - Multispectral Camera 

I# •• Computer Compatible Tape 
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lOTioagcnoH 


In an attrapt to inprova Ita aaplojnaant aituation and ovarall aeonoaie 
baaa, Eaaax County, Now York la aaoklng to attract i^uatrtaa. Yha 
County Planning Office wlahM to identify landa within the county that el^t 
be aultable aa Induatrlal aitea. 

Eaaex is a county of great, natural beauty, located entirely within the 
boundaries of the Adirondack Park. As such, the county plmming office has 
a moral as ^11 as legal obligation to preserve the environm«ital quality 
of the area. For a tract of land to become an Industrial site it must, in 
addition to satisfying the engineering and econoadc requirements, be selected 
so as to g^erate a minlaial amotmt of environmental disruption. 

It is not the focus of this Design Project to address the question of 
siting industries within the already developed towns and hamlets or alon^ide 
of the hi^ways that cross the county. It is assumed that the potential for 
development of lands within these developed areas is fairly well known. 
Rather, this project attempts to locate and evaluate, using remote sensing 
methods, possible sites that are not readily observable from the towns and 
roadways. In addition to finding sites that might possibly be overlooked by 
developers, its objective is to locate sites that will not disturb the 
scenic beauty of the county. 

This report offers a region by region discussion of the environmental 
limitations to industrial development and recommends specific locations for 
further investigation as possible industrial sites. 
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In ordnr to ■yotOMtienlly loardi through tho County'* 1826 *q. al. 
(4,730 *q. ka.) of land for suit^l* alto*, it waa naeaaaary to parfora 
tha aaareh in aai^ral atapa. Diffarant charactoriatica of tha land vara 
iaolatad and avaluatad with tha purpoa* of aithar aliainating a particular 
tract froa, or giving it further, cenaidcration. 



C«rt«iii iMds w«M diaiaat^d fr<» ^asidaratiMi tot may futur* 
davalopatat: (A) Stata-owMd land a^ (B) l«id too ataap to build upmi 

at a raaaonabla axpMiaa vithout aaaara anuirtmamtal iapi^t* If it waa 
dataraioad that a pareal vat Stata-ovnad or if it had a alopa in a:^aa of 
15Zt davalopuant of it vm rul^ out. 

A. STATE OHMED LAin) 

Eaaasr County liaa ntiraly vithin tha boundarlaa of tha Adirondadt Park 
and at aueh la bound by tha proviaiona of tha Adirondack Park Aganey Act. 

Tha purpota of tha Act waa to nalntain tha vildamaaa diaractar of tha Park 
for all tiaa and to tat atrict guldallnaa for davalopnmt of any typa. 

Art Ida XIV, Sactlon I of tha Nav York Stata Conatltution ^claraa that 
"Tha landc of tha stata, nov ownad or hanaftar aequirad, coostltut'nt tha 
forast praaarva as now f'-ed by law, bhall ba forawar kapt as wild forast 
lands . Thay shall not ba laasad, sold or axdiesgad, or ba takan by toy 
corporation, public, or privata, nor shall the timber tharaon ba sold, 
ranovad or dastroyad."^ (asqdiasis addad). This bacaaa affactiva January 1 
1895. 

Tha forest prasarva providas watarshad protaction for a large part of 
tha state as wall as forast recreation. In 1883, 750, (KX) acres of state- 
owned lands ware withdrawn froa sale by tha Lagislatura. Tha Stata has 

^ Murtha, P.A. end McNeil, R.J., "The Forest Preserve," Currant Topics in 
Consarvation . Series II, No. 7, Cornell University, Ithsca, NY 1966. 




oonriButd to odd Ind oo it boeoM ovoUoblo throo^ purchooo or tox 

dolloquoaor. Iho eorrmt total la ovor 2.6 aUlion aerM, ocattortd aaong 
16 '".ertat ProMrva CMmtiM,** ooa of wMeh la Eaaax. 

Tha elaar dlractiira of tba Seat# loitalatora ai^ i^a Stata Couatltutioa 
should diasuate aar eonaidaratioa of tha otata**oimad laate as poaaibilitlat 
for futura itiduatrlal davalopMOt. Aecordinglyf Ovarl^ 1 waa praparad 
to dalinaata thoaa landa that vara atata-oanad as of ^rll 1* 1979. lha 
inforastlM m tha ovarlay um obtainad froa tha "Adirondack Park Land Ma 
and Davalopaant Plan Map," proper^ by tha Adirondack Parii Agency. Tha 
partinant araas vaM brought, with the aid of a 2oon Transfer Scope, to the 
cotnam scale of 1:126,000 used in this report. A copy of overlay 1 is in 
the back cover pocket; a reduced copy overlies figure 21 (p.lS2 ). 

For tha purposes of site select iMi, then, these lands will not be ee.isldareu 


g. STEEP LANDS AND NICE ELEVATIONS 

2 

The Adirondack Park Agsney Cuidalinas urge a l^tation of davalopaant 
to slopes lass than 15X. It further restricts roadways to slopes aeasuring 
lass than 12X over a 150 ft. length. 

Araas with slopes excaading approxisMtaly 15% ware located on tha 
16 U.S. Geological Survey 15 nlnuta topogra^ie sheets (scale 1:62,500) 
which cover the County, using tiM high*altituda photographs for further 
refinaaant. Each topogra^ic sheet was scanned and tha spacing between 
contour «i:d intervals swasureJ. those areas having slopes aaasuring nora 


2 

DaveloCTsnt in tha Adirondack Park , tha Adirondack Park Agency, Ray Brook, 
Wf, April, 1977, pp. 17-1 and 25-2. 
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than lS%**an aUvntion change of ISO ft. over a 1000 ft. diatance 
(approxinately five 20 ft. contour intervala per 1/8 inch on the nap)'* 
were outlined. These areas were then transferred to an overlay to the 
county base nap (scale 1:126,0(W), with the aid of the Zoon Transfer Scope. 
Overlay 2 represents the final ctm^ilation of the steep lands gathered fron 
the 16 quadrangles. A copy is legated in the back pocket, with a reduced 
copy on p. 132 (figure 21). 

Also aawng the areas excluded on Overlay 2 are those with elevations 
greater than 2500 ft. (0.76 kn.}, whether or not their local slopes are 
also greater than 15%. This is intended to preserve the "fragile ecosystems 
at higher elevations" as outlined by the APA Guidelines.^ Any type of 
developnent activity at such elevations is strongly discouraged and will be 
elininateci fron consideration here. 

The two principal overlays each show areas of land that can be fairly 
safely ruled out for consideration. Viewed jointly, these two constraints 
eleninate nuch of the land in the county. Site location efforts can then 
focus exclusively on the remaining areas. 

C. FURTHER CONS I DERATIONS 

There are areas within the County with suitable physical characteristics 
for industrial development (level slope, private ott-nership, good soil 
behavior, and ease of access) for which it nay be desirable, or even legally 
required, to restrict developnent for a variety of reasons. Many restrictions 

4 

are described in the Adirondack Park Agency's guidelines. Included among 

* - 

Ibid., p. 6-1. 

'* "Development in the Adirondack Park," Adirondack Park Agency, Ray Brook, 

New York, April, 1977. 
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the existing land uses that are desir^le to protect are: agriculture^ 

aesthetics of travel corridors,^ scenic vistas recreatlon»^ shorellnM«^ 

9 10 

haalets»‘ and haolet approaches. 

These areas are described In the Introductory notes for each area. 

It will be left to the judgement of the user of this report whether to 
pursue development in these areas. 


1. Agriculture 

"Less than 81 of the privately owned land in the Adirondack Park 
is \ised today (1974) for faming of ai^ kind..."^^ Agriculture is 
considered an extremely valuable asset to Essex County. Conversion 
of prime agricultural land to other uses is discouraged. Land used 
for agriculture will be avoided in this site location study, unless 
it appears that the faming of a particular tract is in the process of 
abandonment, perhaps because of soil infertility. In these cases, 
the sites will be listed for future reference but should still be 
avoided if the agriculture might be rejuvenated. 


® Ibid., p. 2C-1. 

^ Ibid., p. 2B-1. 

^ Ibid., p. lOB-1. 

® Ibid., p. 11-1. 

® Ibid., p. 2A-2. 

Ibid. , p. 2A-2. 

Hyde, Floy S., Adirondack Forests. Fields, and Mines , Lakemont, N.Y., 
North Country Books, 1974, p.l42. 
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2 . Travel Corridors 


By Che AiUrondack Park Agency's definition, "A travel corridor 

is chat strip of land constituting the roadbed and right of way for state 

and interstate hi^ways in the Adirondack Park aad those state lands 

12 

inoediately adjacent to and visible from these highways." "The 

lands adjacent to these highways are the most visible to the traveling 

public and frequently determine the image and entire atmosphere of the 

Park for many visitors. In addition, due to the heavily forested 

character of the Park, scenic vistas from these travel corridors are 

13 

relatively rare and their protection and enhancement is important." 

Within Essex County, Che following roads have been designated as 
"travel corridors." 

181 NYS 28K 

NYS 3 73 

9 86 

9N 373 

22 431 

903 

Development alongside or in the view of these corridors is discouraged. 

As evidenced by the state's designation of spots of several of 
the county roads as "scenic vistas" (below), there has been an intent 
expressed by the legislature to consider roads in addition to interstate 
and state highways as worthy of protection. The same care should be 
exercised when planning a site near one of the county roads as would be 
given to a state highway. 

' "Adirondack Park State Land Master Plan," Adirondack Park Agency, June 1, 
1972, p. 18. 

Ibid., p. 19. 
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3. Scenic Vistas 


There are ten areas in the county that have been disignated by the 

Adirondack Park Agency as “scenic vistas," for which the natural 

14 

beauty of the spots must be preserved. They are described for each 
area. 

4. Adjacent Land Use 

Not only must one consider the use to which land is being put on 
the immediate tract of land being viewed as a possible site, but the 
activities on adjacent and nearby lands must also be reckoned with. 

Such land uses are discussed for each site described below. 

In addition to the aforementioned land t>'pes that were ruled out for 
various environmental or social reasons, water bodies, wetlands, and active 
flood plains were not considered as having potential for industrial development. 



II. Site Selection and Evaluation Criteria 


The above considerations rule out approximately three-quarters of 
the land in Essex County. The remainder of the lands in the county were 
evaluated for their potentials as industrial sites based upon the follovlng 
criteria. 


A. Bedrock and Soil Cover 

Extremely hard, crystalline rock underlies almost all of 
Essex County. This bedrock, which is made up of anorthosites, 
granites, syenites, and gneisses, is quite resistant to erosion 
and accounts for the steep, rugged terrain of most of the County. 

The eastern margin along Lake Champlain has a few areas underlain 
by limestone and sandstone. All of these bedrock types are very 
capable of supporting struccures , but excavatim in them could be 
quite expensive. 

The entire area was glaciated some 10-20,000 years ago. This 
profoundly shaped the surface of the land, leaving deposits of 
irregular depth and composition spread over the bedrock. Most of 
the area was covered with till, a densely-compacted mixture of stones 
and boulders in a matrix of soils of varying textures. The soils 
that developed in till are capable of supporting structures, but the 
virtual randoimiess of boulder inclusions makes the expense of 


General references; Kemp, James Furman, and Ruedeman, Rudolf, Geology 
of the Elizabethtom and Port Henry Quadrangles , New York State Museum 

Bulletin, No. 138, Albany, University of the State of New York, 1910; and 
Merrill, J.H. and Kemp, J.F., The Geology of the Moriah and Westport 
Townships, Essex County, N.Y. , New York State Museum Bulletin, No. 138 , 
Albany, University of the State of New York, 1895. 


excavation unpredictable. The sandy till soils are generally 
well drained, but the finer grained soils might cause problems 
with wetness, shrinkage and stalling, and frost susceptibility. 

A few of the till soils have developed fragipans at depths of 
several feet. This forms a barrier to downward water percolaticm 
that night result in drainage problems in some areas. 

Several valley areas filled with outwash as the glaciers 
melted. Soils that formed in outwash are generally coarse textured, 
with excellent drainage and good strength. Outwash soils are 
droughty and usually acidic and so make fairly poor agricultural 
soils'. Streams have cut into the outwash- filled valleys leaving 
the outwash soils as terraces along the valley walls. As such the water 
tables are usually quite low. Ihey are among the most suitable 
soils for development. 

Mud) of the soil cover in the eastan portion of the county 
was formed in lakebed material. Clay soils produced in this manner 
have the best agricultural potential in the region and are among the 
most problematic for construction. On even gentle slopes they are 
unstable; shear strengths and bearing capacities are generally very 
low; they have a high susceptibility to frost action, shrinkage, 
and swelling; their fine texture gives them low permeability, often 
leading to severe drainage problems and septic tank failure. These 
soils are best avoided. 

Along the rivers and some streams are alluvial soils. These 
soils are recently formed, highly erodlble, have high water tables, 
and are flood prone. Development in these areas should also be 
avoided. 
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B. Water Supply 


a) Ground Water 

The soils which were formed in glacial outwash 
or sandy lac\ut rim materials are generally coarse textured 
(sands and gravels) and quite porous and permeable to ground 
water. As such they are often capable of producing water 
from wells at rates as high as a few hundred gallons per 
minute. Soils of this type found in Essex Co. are of the Windsor 
and Colton Associations. 

Some of the sandy, till-derived soils, such as those of the 
Hermon Association are also quite, permeable and capable of 
producing fairly large volumes of water (less than 100 g.p.m.). 

The lakelaid soils that cover much of the eastern portltm 
of the county are generally poor aquifers. They are clays 
for the most part, having very low permeabilities. Included 
asK>ng these soils are the Vergennes-Kingsbury , Elnvood-Swanton, 
and Klngsbury-Covlngton Associations. 

With the exception of some areas of limestone, sandstone, 
and shale along the eastern margin of the county, most of 
the bedrock is crystalline. The crystalline formations are 
extremely impervious to water and, as such, ground water is 
found only in rock fractures or at the contact between the 
becrock and the overlying soils. At some locations crystalline 
rocks will yield up to 35 g.p.m.^' 

‘^Glese, G.L. and Hobba, W.A., Jr., Water Resources of the Champlain- 
Upper Hudson Basins in York State . Albany, N.Y., New York 
State Office of Planniug Coordination, 1970. 

17 

Ibid., Plate 1. 
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The carbonate and aedinentary rocks that exist beneath 

areas in the Ticonderoga, Port Henry, and Willsboro Quadrangles 

are somewhat permeable to ground water* They are capable of 

producing as much as 300 g.p.m. The highest rates recorded 

from wells in Essex County producing from the rocks, however, 

19 

have been only around 15 g*p.m. 

The aquifers most often tapped in the county and which 
have been the most productive are the unconsolidated sands 
and gravels. Production rates from wells in the materials have 

■7Q 

been recorded as high as 105 g.p.m." The high permeability 
of these soils makes them susceptible to pollution. Industrial 
development in such areas must be done with attention paid to 
this potential hazard. 

b) Surface Water 

Essex County does not lack surface water; there 

are hundreds of lakes, ponds, rivers, and streams within 

its boundaries. Many of the sites are near streams or 

ponds. Streamflow records are available from the New York 

State Water Resources Commission and are Included In some 

21 

of the site descriptions below. 


IS 

Ibid. , Plate 1. 
^^Ibld., pp. 112-115. 
‘^Ibid. , p. 113 
Ibid. , Plate 2. 
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C. Acc«s>lbillty 


It it clear that a tlte la of little value if it is inaccessible. 

Much of the land in Essex County is, in fact, inaccessible, for all 
practical purposes. However, those lands happen to be among those 
previously ruled out as being state-c^ed or steep. No site that was 
given consideration was ruled out as being inaccessible. Sites were 
merely rated in terms of their relative accessibilities. 

D. Site Preparation Required 

Among the features evaluated to estimate the amount of effort 
required to build upon a particular site were: the local relief, 

density of tree cover, distance from an access road, and any existing land 
uses, such as extraction operati<xis ongoing at some sites, that 
might interfere with site development. These characteristics of 
the sites were determined from the alrphotos. 

E. Size of Site 

The boundaries of each of the sites are defined by one or more 
of the following variables: the terrain, the soil depth, the water 

table, and the adjacent land uses. 

Many sites are on hillsides, with the upland border defined 
by either the appearance of bedrock close to the surface or by slopes 
exceeding a practical angle (151) to build upon. Some of the 
same sites, as well as others, are effectively terminated on their lower 
sides by wet or potentially wet soil conditions. Many are bounded 
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by alluvial soils, by streams, ponds, or swamps. Boundaries defined 
by such criteria have an inherent degree of flexibility in that they 
can often be extended at s(xne expense. The boundaries delineated on 
the maps are based upon estimations of where any of these problems 
would first be encountered. 

Boundaries based upon the surrounding land uses are often less 
flexible than those imposed by nature. As discussed above, the 
likelihood of the sale of state-owned land is small. A few sites have 
at least one side terminated in this manner. There are a multitude of 
existing adjacent land uses that present limits to site sizes. 

The feasible boundaries were determined by airphoto interpretation 
and mapped onto overlays to the U.S.G.S. Topographic "Maps. Are.is 
were then estimated using a grid drawn to the map scale. Calculations 
were done in English units, to conform with the map, and converted 
to metric units. 

Current Land Use 

The ground cover or the use to which the potential site was being 
put at the time the small scale photographs were obtained (June 25, 1979) 
is described for each site. Also considered, and discussed in the report, 
are the activities on the lands nearby each of the sites. These are 
viewed with concern for possible disruption caused by industrial development. 
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EVALUATION OF THE DATA SOURCES 


SMALL SCALE AERIAL PHOTOGRAPHS 

High altitude» color Infrared aerial photographs (transparencies, scale 
approximately 1:120,000) were taken by NASA on June 25, 1979. The photographs 
cover the entire county and some surrounding areas with stere^copic coverage. 
They proved to be the most useful source of information on a broad range of 
physical and land*use parameters. As such, the interpretation of these photo*- 
graphs represented the lion's share of the analysis. 

The relatively small scale of the coverage yielded a synoptic view of 
large areas. Only twenty-seven 9 in. by 9 in. photographs were needed to 
view the entire county. This made the task of evaluating the almost 2,000 
sq. ml. (4700 sq. km) area considerably easier. The stereoscopic 
coverage allowed for viewing the county in three dimensions, which was 
indispensable in such a rugged area. Each stereomodel covered a ground area 
of approximately 200 sq. ml. (518 sq. km). The high resolution of the film 
allowed it to be viewed at hi^er magnification without intolerable loss of 
detail. This fact allowed the same film to be used for the dual purpose 
of scanning large areas for sites and then analyzing those sites in greater 
detail. The elimination of the need for repeatedly switching to a variety 
of data sources speeded up the process considerably. 

The hi^ altitude photographs provided much of the information on the 
following site evaluation criteria: 

TERRAIN VARIABLES - Slope - Although photograrsaetric methods could 
have been employed to neasure the slopes directly from the 
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photographs » this was not dona. Instead, they ware viewed 
qualitatively, with the more accurate quantitative slope 
nsasurenents nade on the topographic naps. After sone 
practice, however, it was possible to sake Judgments 
distinguishing between areas that “looked too steep" to 
build upon and those that warranted further study. 

Soils - While cosiplete characterization of the soil 1)765 
was not possible using the photographs alone, it was possible 
to approximately delineate areal units having homogeneous 
soil properties. Ihls was especially true in cases where 
the properties of adjacent soils were markedly different/ 
as at terrace/upland, wetland/dry-land, and flood plain/ upland 
boundaries. Bare rock was usually easily distinguishable 
from soil. To stme extent it was possible to infer such 
soil properties as the relative particle grain sizes based 
on photographic tones: light tones indicating dry, well- 

drained (coarse) soils, and dark tones indicating wetter, 
fine-grained soils. 

Such distinctions have great value in predicting the 
behavior of a soil. 

Water bodies - The very dark response of water on infrared- 
sensitive film makes such film excellent for locating streams 
and bodies of water against the brighter backgrounds of soil 


and rock. 




( 


site of sites - The actual neasurements of the sites 
of the sites were nade on the topographic maps, benefit- 
ting from their rectified geometries and uniform scale 
(imlike that of the photographs, which varies with both 
relief and tilt displacement, as well as with distance 
from the nadir point). However, the site boundaries 
that were drawn onto the topographic map overlays were 
interpreted from the photographs, based iq>on the recog- 
niz ole features discussed above. In some cases, the 
interpreted positions of those boundary- defining features 
were in agreement with their mapped positions. Many 
mart times, however, they were at odds, especially with 
respect to the locations of wetlands. In either case, 
the photographically inferred boundaries were used and 
then positioned in relation to points coimon to both 
photo and map that were in agreement. 


^ i 
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LARS USE “ A varl«cy of iMd uto pattomo w«r« roeognitabl«» 

■any of which aarvad to update or qualify tha axlatlnt 
Land uaaa raeognlaad Included : roada and railroad tracka, 

bulldlngat mining oparatlona and gravel pita, agricultural 
pattema, campaltaa, akl alopaa, golf couraaa, boat launchaa, 
hlatorlc altaa, and otlMr hamlat*related faaturaa. 

VEGETATIOR ^VER • Ihe denalty of tree cover can be aaen and ame 
dla crimination among apeciea made. It waa not naceaaary to 
Identify tree typea per ae, but dtangea in tree type and 
denalty from area to area often coincided with changea in 
ground conditiona such aa In soil molacurc and depth to 
bedrock. 

VISIBILITY OF SITES • The acereonodel allowed for a determlnatira 
of "vlewahed" — the area that can be acen — from any given 
point in the cotmty. Thua, the limlta of vialbility along 
travel corridora and from apecific vantage pointe could 
be napped. Alternatively, by working back from potential 
aite«, it waa pcaaible to determine from where they mi^t 
be ween. 

ACCESSIBILITY OF SITES - Proximity to towna and travel corridora 

can be eatimated from the photoa. Thia parameter waa, 

however, meaaured on the topographic n&pa. Approximate 

gradea that aceeaa roada would have to traverae can alao 

be determined. Any unuaual fcaturea or potential probleme, 
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such at wet lands, rock outcrops, or water bodies to cross, 
can usually be identified directly on the photos. 

OTHER SOURCES 

Medium Scale Aerial Photographs 

Aerial eovoraie of the county was alao available in panchromatic, 
medium scale (1:24,000) photography, obtained in April, 1966. While these 
contact prints served as a useful complement to the high altitude photoa, 
the quality of the latter was sufficiently good that when viewed under high 
magnification its resolution was virtually as good as the larger scale 
black and white photos. The primary role of the black and vHtite photographs 
was to give "a second opinion" for particular areas that were not clearly 
resolved on the hi^ altitude photos. 

Soil Surveys and Maps 

The primary source of information about the soils likely to be encountered 
on a paricular site was the General Soil Map of Essex County (1:62,500), prepared 
for the Adirondack Park Agency by the U.Sv Department of Agriculture in 
cooperation with the Cornell University Agricultural Experiment Station (1975). 
The expressed accuracy of this map is that 85% of the soils in any area 
delineated as a homogeneous soil association unit cust conform to the range 
of physical properties attributed to that soil association. The resolution 
of this identification scheme extends to parcels of land as small as 40 acres. 

This map then was interpreted as giving only a generalized, averaged 
description of the soils that could be expected to be found on a given site. 
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^ The airphotos supplied additional information, which further refined the 

boundaries of the hoim>geneou8 units. Also located in the photos were some 
areas that are likely to be poorly drained, that did not appear on the 
soils map. 

The soil characterizations in this report should be used only as a 
starting point for Investigatlm. Before any site is seriously considered, 
a thorough ground survey of the soil should be undertaken. 



AMALYSBS OF THE SITES 


Land ultich had not been ruled out for development for one or another 
of the aforenentioned reasons vas evaluated and is discussed here. This 
section is organized in relation to the U.S.G.S. 15>oinute topographic 
quadrangles (1:62,500) which cover the county. Thirty eight potential 
sites wer^ identified and are discussed here. 

Figure 1 shows the locations of the sites in relation to the major 
transportation corridors of the county. The grid corresponds to the 
topographic sheets, which are abbreviated as follows; 


Saranac Lake 

SL 

Lake Placid 

LP 

AuSable Forks 

AU 

Killsboro 

W 

Santanoni 

SA 

Mount Marcy 

MM 

Elizabethtown 

E 

Port Henry 

PH 

Newcomb 

N 

Schroon Lake 

SC 

Paradox Lake 

PL 

Ticonderoga 

T 


Because of the size of the county and its diversity of terrain and land 
use patterns, each quadrangle is discussed separately. Within each quadrangle 
as many as seven sites are identified. 
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SARANAC LAKE QUADRANGLE 


Most of the land within the Essex County portion of this quadrangle is 
state-owned (overlay 1). Included aaiong the remaining possibly usable 
land are the following: 

A) The corridor along NYS Route 3 between the Villages of 

Saranac Lake and Blooningdale. The soils along this relatively 
flat corridor are of the Windsor and Rumney-Saco Associations* 
which developed in outwash and alluvium, respectively. 

The Rumney-Saco soils which comprise the flood plain 
of the Saranac River are unsuitable for development. They 
are generally quite swampy and flood-prone. The Windsor 
soil areas, which occupy the sloping terraces along the 
western side of the highway have characteristics that make 
them more suitable for development. There are a few sand 
and gravel excavations, which when depleted might become 
suitable industrial sites. 

The advantage of this site is its accessibility, being 
adjacent to the highway and having much of the tree cover 
cleared away. Route 3 connects Saranac and Tupper Lakes 
with Plattsburgh and the Northway and is a "travel corridor" 
designated by the APA. As such, care should be taken to 
preserve (or, in this case, restore) the appearances of the 
corridor, which is likely to be used by many visitors and 
residents. 
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LOCATION: TWo miles (3.2 km.) southwest of the Town of Lake Placid on 

the Averyville Rd. . near Alford Pond (Figure 2) . 

EXISTING LAND USE/ 

GROUND COVER: The tract is partially wooded and partially cleared. 

It appears that at one time, it had been cleared for agri- 
cultural use, which was later discontinued. The surrounding 
land uses are presently agricultural. 

SOIL: The site is located on a small till plain. The till-derived soil 

appears deep and well-drained. According to the General 
Soils Map it is of the Becket-Peru Association, a medium-to- 
coarse grained loam, capable of supporting buildings, but also 
suitable for agriculture. Becket-Peru soils generally have 
fraglpans which could inhibit water percolation and cause 
drainage problems at depths of a meter or more. 

The northern end of the tract Is bounded by a stream 
with adjacent soils that appear wet on the photographs. 

This would limit construction in that direction. 

SIZE: The amount of visibly dry land currently unused for agriculture 

is approximately 3.3 x 10^ sq. ft. (3.1 x 10^ sq. m.). 


B) The western approch to the village of Lake Placid nay be 
suitable for development. The soils are of the Herron 



Association, which Is a sloping, very bouldery till, with 
fairly good construction potential. However, this is a 
scenic route and development should proceed with great 
care. 

The sane nay be said for the privately-owned lands in 
the hamlet of Ray Brook. Most of this area Is on Windsor 
outwash soils. 

Recommended for further investigation for industrial development are 
the following locations, whidi lie outside of the highway corridors. 



Figure 2 
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WATER: Alford Pond is a source. Ground water may be limited by the till* 

derived soil. The crystalline bedrock is also impervious and 
unlikely to act as an aquifer. 

ACCESSIBILITY: Very good via the Averyville Rd. No steep grades are 

required for access driveways. It is close to Lake Placid. 

SITE PREPARATION REQUIRED: Very little— the land is partially cleared, 

the grades are not steep, and it is not far from the road. 

ADVANTAGES: It is a large site with room for expansion. Much of the tree 

cover has already been removed. The land's use for agri- 
culture has apparently been abandoned. It is hidden from 
view from the town and highways, with access via a little - 
used road. 

DISADVANTAGES: Construction would possibly have negative effects on the 

adjacent agriculture. Also, the soil behavior Is only 
fair with respect to construction. Drainage might be 
a problem, particularly along the northern edge of the site. 
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LOCATION: One-half alia west of the village of Lake Placid » adjacent to 

the N.Y. Central Railroad's tracks. (Figure 2.) 

EXISTING LAND USE/ 

GROUND COVER: The Inmedlate site and surrounding areas are wooded. 

Land between the site and the town appears to be In conmerlcal 
or Industrial use. 

SOIL: BECKET PERU ASSOCIATION - A deep, medlum-to-coarse textured loany 

soil with a fraglpan, derived from glacial till. Sell 
strength Is fair and capable of supporting buildings, but the 
water table appears to be fairly high leading to possible 
problems. Permeability may also be poor, so drainage may be 
very slow and septic tanks may not function. Topsoil derived 
from this soil association Is often suitable for agriculture. 

This site has a low topographic position and Is surrounded 
by subtly lower, wet ground. Any rise in the level of 
the adjacent wetlands could cause flooding. 

SIZE: Approximately 1.2 x 10^ sq. ft. (0.11 sq. km.) 
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WATER: Th« w«t«r tibl« nay ba quita high naar this sita. Tha Chubb Rivar» 

Which pasaas by tha sita» mi^ ba a source of surface water. 

AC^SSIBILITT : It is fairly close to tha Avaryvilla and Old Military Roads. 

A driveway could ba constructed to either. Tha N.Y. Central 
Railroad passes by tha site. 

SITE PREPARATION REQUIRED: It is wooded on a gentle slope. The lower edge 

of the site ni^t becone seasonally wet. 

ADVANTAGES: It is close to town, yet hidden from view. It would not disrupt 

any agriculture. It is relatively level. 

DISADVANTAGES: It nay be wet. Adjacent ground was visibly wet as seen 

on the photograi^s. This effectively limits the size of 
the site. The soil's engineering characteristics are only 
fair. 
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LOCATION: Two fldlcf north of the vlllago of Saranac Laka, mldwajr batvaan 

NTS Routaa 86 and 3, at tha aoucham baaa of Brawatar Mountaint 
(Figure 3.) 

EXISTING LAND USE/ 

GROUND COVER: Wooded. Across the valley is a school, a residential area, 

and the Mt. Pisgsh Ski Slopes. Wetlands border it on the 
lowland side and steeper slopes on the upland side. 

SOIL: BECKET PERU ASSOCIATION - A deep, nediusi-'to-coarsc textured loas^ 

soil with a fragipan, derived from glacial till. Soil strength 
is fair and capable of supporting buildings, but the water 
table nay be high at the lower end of the site. Permeability 
and the resulting drainage may be poor, so septic tanks 
may not function. Topsoil derived from this soil association 
is often suitable for agriculture. 

SIZE: Approximately 2.7 x 10^ sq. ft. (0.25 sq. km.) 

WATER: It is close to the Saranac River and bordered by wetlands. 

ACCESSIBILITY: It is roughl. a mile from both 86 and 3. A driveway would 

have to skirt the wetlands. 
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SITE PREPARATIC:: REQUIRED: Tr««a would have :o ba claarad. It it on a 


ralativalp t*ntla alopa. 

ADVANTAGES: Ic la hlddan froa tha hl|bvaya. 

DISADVANTAGES: It oay ba viaibla fron tha aV.i alopaa acroaa tha vallay. 

Ic it a alia froa tha highway. Tha lowar adga of tha aita 
it cltarly a watland. 


LAKE PLACID QUADRAHCLE 


Moat of th« land In this quadrangla la too ataa? to build upon 
(ovarlay 2). Tha lud in tha vaatam half ia alnott axcluaivaly atata- 
ovnadt with tha axecption of tha Villaga of Laka Platid. 

Davtlopsant of tha privataly-ownad landa on tha aaatam adga of Laka 
Placid ia not lisitad by tha aoil» which ia prifflarily tha Haxvon Aaaoclation. 
Thara ara occaaicnal uatlanda in low-lying araaa. Tna prinary raatraint 
ia tha daaignatiM of araa aa a acanic viata by tha :cata Any 
construction hara nuat ba unobtrusiva. 

Araaa iimadiataly vast and south of Vilnington hava soils that ara 
suitabla for davalopnant. Tha sXo^a ara visibla froa tha highways (86 & 12), 
which laad to WhikSfaca Mountain and "North Pola," vary popular tourist 
attractions. 

Tha priaa araaa for davalopmant in this quadracg^* located closa 
to tha Kaana-Vil=ington corridor. 




LOCATIt::: One mile ( 1.6 ka.) nort‘r«*tst of the Vlllag* of Keene on Limekiln 

Rd. (Figure 4.) 


EXIST r : use/ 

CROr>. COV-R: open excavetione, possibly a sat. and gravel pit. 

Adjacent lands arc v:cded. 


'.is site la located on a terrace on the side of a large hill. 

The soil appears t: =e deep and well-drained and probably 
fomed in glacial o-.-vash. Soils of this type in this area 
are of the very coarse grained Colton Association. The shear 
and compressive strergrhs of Colton soils are good ard the 
susceptibility to shrinkage and swelling is low. It is also 
a very good source cf road building material, as eviienced by 
the excavations. T:.s vater table should be deep and the rapid 
permeability should rot inhibit the function of septic tanks. 
Topsoils derived fr:r Colton soils are usually quite poor. 

The poor agric^tural response coupled with the excellent 
engineering prcpertisS of Colton soils, makea them ifeal for 
industrial developrert. 


SIZE: Artroxinately 2.2 x 10 sq. 


(0.21 sq. km.) . 


This is dependent ut:r the status of the excavation. 
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WATER: The Colton soil n«y act •• an aquifer, althou^ the ground water 

may have been disrupted by the excavation. No surface water 
sources ere innediately adjacent to the site. 


ACCESSIBILITY: Very good via Alstead Mill and Limekiln Roads. It is Just 

one mile from the Village of Keene and NTS Routes 73 and 9N. 


SITE PREPARATION REQUIRED: Development would have to wait until the extraction 

operation is finished, and would be a matter of reclaiming 
the land. 


ADVANTACXS: It Is very accessible. The soil^-or what is left of it — has 


excellent engineering characteristics. It is hidden from view. 
It would displace no agriculture. 


DISADVANTAGES: The current land use. Water availability may be a problem. 
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LOCATION: TWo mile* (3.2 km.) southwest of Upper Jsy on Bartlett Road. 

(Figure 4.) 

EXISTING LAND USE/ 

GROUND COVER: The tract is thinly wooded. It appears to have been cleared 

for lunber or agriculture in the recent past and is in the 
early stages of succession. Adjacent areas are more densely 
wooded. 

SOIL: The proposed site Is on e till covered upland. The General Soils 

Maps defines the soil as of the Hermon Association, a 
bouldery, sandy loam, derived from glacial till. The soil 
Is generally deep (greater than 5 ft. (1.5 m.) to bedrock), 
vell-to-excesslvely drained with a water table depth usually 
in excess of 4 ft. (1.2 m.). The shear and compressive 
strengths of Hermon soils are good, and they are capable of 
bearing structures. Shrinking and swelling are low, and the 
elevated topographic position makes them unlikely 
to be flood prone. Septic tanks should operate satlsfactoril)’ 
in these soils. Hermon soils are poor aquifers because of 
their compacted till origins. They are poor agricultural 
soils because of their strong acidity, excessive drainage, 
and stoniness. 

In sum, Hermon soils are excellent for building upon and 
will not suffer from lost agricultural potential. 


LP2 


SIZE: Approximately 2.0 x 10^ aq. ft. (0.19 aq. km.) have baan claarad. 

Thara la potential for doid>ling or tripling thia and remaining 
in the good soil area. 

1 

i 

aAIEK: Becauae it ia located on a terrace, it may collect any ground 

water moving along the aoil/cryatalline rock contact. 

Surface water is not visible nearby. 

j 

ACCESSIBILITY: Bartlett Road runs throu^ the site. It is two miles 

(3.2 km.) away from the Village of Upper Jay and NYS Route 9N. 

SITE PREPARATION REQUIRED: Little, the tract is gently sloping. The tree 

cover has fairly recently been cleared and is still thin. 

No access roadways would be required. 

ADVAJIIAGES : The soil has good engineering properties. The site is not 

densely wooded and there Is no agriculture on or adjacent 
to it. It is easily accessible by road. 


ADVANTAGES: Tall buildings or smokestacks nay be visible from Route 9N 

across the valley. Water availability may be limited. 
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LOCATION: 1 1/2 «11m (2.4 kn.) northwest of Koono along Bartlett and 
Lacy Roads. (Figure 4.) 

EXISTING LAND USE/ 

GROUND (X)VER: This tract of land at the footslopes of Sentinel 

Mountain is prtoarily wooded. There is a single faro just 
south of the site. The reiaainder of the neighboring land 
is wooded. 

SOIL: The airphoto tones indicate dry ground conditions. According to 

the General Soils Map the soils should be of the Windsor 
Association, deep, excessively-drained soils with coarse 
texture. The water table Is usually at a depth greater than 
4 ft. (1.2 n.) and the depth to bedrock is also generally greater 
than 4 ft. (1.2 d.). Although shear and bearing strengths are 
fairly low, the soils are capable of supporting buildings 
with or without baseraents, provided the slopes are less 
than 81, which is the case here. The rapid permeability 
makes Windsor soils suitable for septic tanks. They do not 
shrink or swell to any large extent and are not susceptible 
to frost action. The sand>' texture cakes them fairly poor 
agricultural soils. 

SIZE: It is very large, approximately 20.0 x 10^ sc. ft. (1.86 so. km.). 



%'A7I?.: A small amount of ground water may be available under the till soil. 

Surface water is in the form of two streams that cross the 
site. 

ACCISSIBILITY: It is only one mile (1.6 km.) from NYS Route 9N and may be approached 

via several roads. 

Sill PREPARATION REQUIRED: Trees must be cleared. Some grading might be 

required. ConstructicHi material (sand and gravel) is 
available nearby at site LPl. 

AZV-jriAGES: It Is a very large, gently sloping, largely undeveloped tract. 

It is very close to a major travel corridor, yet should be 
hidden from view. Development is not likely to be disruptive 
to adjacent land uses. 

riSADVA.N'TAGES: The tree cover requires clearing. Ground water may not 

be readily available. 
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O'.l: Midway between Vilalngton and Upper Jay on Kardy-Kilbum Road. 

(Figure 4.) 


la.nd use/ 




D CO\'ER: 


The tra:t is thinly wooded. It appears that it might 
have beer, cultivated at one time and thee, abandoned. 
Fanning ctntir.ues nearby, about one mile away. 


The proposed sice is cn a till covered hillside. Tne soils appear well- 
drained sed are probably of the Hermon Association as is the 
case for site 1P2. The Soil Map described it as a bouldery, 
sandy lose, derived from glacial till. 7ne soil is generally 
deep (greeter than 5 ft. (1.5 m.) to bedrock), well-to-excessively 
drained with a water table depth usually in excess of A ft. 

(1.2 m.). Tne shear and compressive strengths of Hermon 
soils are good, and are capable of bearirg structures. Shrinking 
and swelling are low, and the good permeebility should aid the 
operation r: septic tanks. Hermon soils are poor aquifers 
because c: their compacted till origins. They are poor agri- 
cultural icils because of their strong a:idity, exces-'ive 
drainage, end stoniness. 

.hrproxinately 1.- II' sq. ft. ,0.13 sq. km.), lu is bounded on one 
side by a steer ridge and on the other r; wet lowlands. 


'>'■ >■ . o ' fr'Gc fr- 
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WATER: leaver Brook runs by the lower edge of the site. 

ACCESSIBILITY: It is one-half mile from the main road between Wilmington 

and Upper Jay. No access road is needed. It is fairly well 
hidden from the travel corridor. 

SITE P RE /.--NATION REQUIRED: Little is required because the tree cover has 

not yet fully returnee. It is adjacent to the road and the 
slopes are gentle. 

ADVANTAC-I; : The soil is good for construction. Agriculture has apparently 

already been abandoned on the site. It is easily accessible 
and requires little site preparation. 

DISADVAin.Al-IS: Industrial development may be disruptive to the remaining 

agriculture nearby. 
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LOCATION: One sile (1.6 ko.) north of site L?4, on the Hardy-Kllbum Road. 

Ir is also 2 miles south of NTS Route 86. (Figure 4.) 

EXISTING LANC V;E/ 

GROUND COVE?.: The tract of land straddles & lightly-travelled road. 

!z is made up of small parcels of woods and open fields 
:>.at appear to have been farmed at one time and then 
-dandoned. Farming continues about 1/4 mile away. 

SOIL: The site is on a terrace and has the light photographic tones 

:f a well-drained soil. It was likely formed in glacial outwash 
and is probably of the Windsor .^sociatlon, deep, excessively- 
irained soils with coarse texture. The water table is usually 
at a depth greater than 4 ft. The water table may be closer 
t'.an 4 ft. to the surface on the valley side of the site and the 
r:il quite shallow on the upland site. Although shear and 
tiaring strengths are fairly lev, the soils are capable of 
s.rportir.g buildings with or without basements, provided the 
f lopes are less than 8%, which holds true in this case. The 
rapid permeability makes Windstr soils suitable for septic 
tanks. They do not shrink or s-ell to any large extent and 
are not susceptible to frost a;tion. The sandy texture 
rakes them fairly poor agricult aral soils. 






4 ? 


LP5 


SIZE: There is approximately l.A x 10^ sq. ft. (O.D sq. km.) that 

appears currently available for development. If the 
nearby farms follow the lead of the others in the valley, 
presumably room for expansion will become available. 

WATER: The soil may bear the water that moves downhill along the contact 

between the permeable soil cover and the crystalline 
bedrock. Beaver Brook is nearby. 

ACCESSIBILITY: Hardy-Kilbum Rd. passes by the site. No driveway would 

be required. 

SITE PREPARATION REQUIRED: Some trees would need clearing. The land is 

level-to-sloplng and would require some grading. 

ADVANTAGES: It has good soil for construction and should be well drained 

over most of the site. It is easily accessible and requires 
little site preparation. There is apparently no farming 
ongoing on the site. 

D1SADVA.S’TAGES ; Industrial developrent might disrupt the few remaining 
farms in the valley. The water table may be high on the 
valley side. 


i 
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LOCATION: Across the valley from LP5, on Perkins Rd. (Figure 4.) 

EXISTING LAND USE/ 

GROUND C0\'ER: The tract is wooded. Perhaps It had been famed at one 

tine. It is at the base of Bassett Mountain, hidden from 
the valley on the other side of a hill. Paleface Ski Resort 
is 1 1/2 miles (2.4 km.) distant, part-way around Bassett Mtn. 
The Imnediately adjacent lands are wooded. 

SOILS: Both Hemon and Winsor Associations are found on the site. 

HER-MON ASSOCIATION - A bouldery, sandy loam, derived from glacial 
till. The soil is generally deep (greater than 1.5m . to 
bedrock), well-to-excessively drained with a water table 
depth usually in excess of Tne shear and compressive 

strengths of Hermon soils are good, and are capable of 
bearing structures. Shrinkage and swelling are low, and the 
site' s elevated topographic position makes it unlikely to 
be flood prone. Septic tanks will operate sat isfactorilly 
in these soils. Hermon soils are poor aquifers because of 
their compacted till origins. They are poor agricultural 
soils because of their strong acidity, excessive drainage, 
and stoniness. 

In sum, Hermon soils are excellent for building upon 
and will not suffer from lost agricultural potential. 
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WINDSOR ASSOCIATION - Dctp» «xc*bsively-drain«d soil* with coarst 
texture. The water table la usually at a depth greater 
than l.T=. and the bedrock depth is alio generally greater 
than l.:=. Although shear and bearing strengths are fairly 
low, the soils are capable of supporting buildings with 
or without basenents, provided the slopes ar^ less than 
SX. The rapid pemeabllity makes Windsor soils suitable 
for septic tanks. They do not shrink or swell to any large 
extent. The sandy texture makes them fairly poor agricultural 
soils. 

zZZl: The thinly woodef area on the saddle of the hill is approximately 

i. 

1.6 X 1C sq ft. (0.15 sq. km.). This could be expanded 
fouffolc to the south by the removal of more trees. To 
the north expansion is only limited by '.’isibility from 
NYS Routs 86. 

'.-.TZR: Tnere may be sere ground water coving downhill at the soil/rock contact. 

ZISSIBILITY; The sits ray be reached from the Wilcir.gton area via Perkins 
Road an: from the Jay and Upper Jay areas viu Stone House Road. 

:IZZ PREPARATION REQVIFID; Trees must be felled. Sere grading may be 

require: cf the slopes which range fror 0-101 on the site. 
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ADVANTAGES: I: ii not us*d for agriculturt. 7r.t toil !• fit for 

::Licruccion and ahould hav« *s iralnaga problana. 

A road paaaaa naar tha aica It la hlddan froa cowna 
tzi c rival eorrldora. 

DISABVANTa:^' : ::aa eraas nuat ba claarac Vatar say not ba raadlly 

aval lab la. 
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'.ZZ.-.ZZZII: Just Inside the brrder vith Franklin Cc.=::“, on r^sylya Lane, 

about 1 1/2 siles '4 kn.) from the Tillage of Franklin Falla. 

It is al 3ut 6 =ilas (13 km.) northwest of Wilsingnon. (Figure 5.) 


:::S LA.ND USE/ 


C0\’ER: The tract is vrcfec as is most cf the surrctncitz land. 


There ere sons residences and a sch:-:l withlt a aile of 


the site, uhlth is at the base of Hettrn Hill. 


rr.e site is ct terrace, trtbably formed in ctr-*ash art iiltaly of 

the Ctltrn Association, deep, excessively-drained sandy to 
gravelly soils, developed in glacial ovtwash. Shear and compressive 
strer.phs are tcrt and shrinking and svellinr are low. It 


is ex tel lent ::r ttilding upon. 


is also c very.’ good 


source tf roai-tuilding material. Tte water table is usually 
greater than 1.1 r. and bedrock is et least as greet. The 
rapid temeabilit; of the soil makes it excellent for septic 


tan.-;s. 


I-rour.t vster is often plenttfcl. Tctsoils derived 


fron Triton stils ere usually quite t::r. 

T:.i poor erritultural response ;:_?led with the excellent 
engineering trrterties of ' jlton sells, makes then ideal 
for ini-strial ievilopment. 


.Approximately 1.’. x II 


ft. (0.19 sq. 
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WATER: The coarse Colton soils often bear water. The site's location 

at the base of Hatton Hill ni^t yield some water that has 
moved downhill. There is a small pond just southeast of the 
site. 

ACCESSIBILITY: It is on Rosylyn Lane, fairly close to the Franklin County 

town of Franklin Falls. It is quite removed from the 
nearest village in Essex Co. (Wilmington, 8 miles away). 

SITE PREPARATION REQUIRED: Trees must be felled. No access road is needed. 

ADVANTAGES: The Colton soils are excellent for building and unlikely to 

to support agriculture. It is the only possible site in 
this large, remote area of the county. 

DISADVANTAGES: It is distant from the developed areas of Essex County. 




50 


AU SABLE FORKS QUAD 


With the exception of the eoutweet corner of the quadrangle, most of 
the land is privately~ovned, and so has the potential for developnent. 

A mountainous region cuts across from southwest to northeast, limiting 
development for all practical purposes, to the northwest and southeastern 
quadrants. 

The land to the northwest is occupied by a large carpgrounds, spread 
over approximately ten square miles ( 26 sq. km.). Tne few intermontane 
valleys in the center of the quadrangle are filled with ponds and wet 
ground. 

Most of the level land between Jay and North Je~ is used for agriculture. 
Some tracts of land within this agricultural region ere no longer used for 
farmland and may be suitable for industrial developnent. One such site 
discussed below, is Aul. Three other hillside sices in this region merit 
consideration. 

The other promising location for Industrial siting is a valley in the 
eastern portion of the quadrangle, north of Lewis, near the Northway and 

U.S. 9. 
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LOCATION: Between Jay and Upper Jay on Plains (Valley) Road, about two 

miles (3.2 ks. ) northeast of Upper Jay and 2 ml. (3.2 km.) 
south of Jay. (Figure 6.) 


EXISTING LAND USE/ 

GROUND COVER: There Is an operating farm just south of the proposed site 

and a few abandoned farms to the north. The site itself is 
no longer being farmed, but there appears to be a broad, 
shallow extraction operation going on. 


SOIL: The soils appear deep and dry. The soils map designates the area 

as having Windsor Association soils, which have good engineering 
characteristics and make poor agricultural soils. 


SIZE: It is approximately 2.0 xlO^ (1.9 x 10^ sq. ra.) sq. ft., with 

expansion limited by agricultural uses of neighboring lands. 


WATER: The soil may be water bearing. There is no surface water readily 


available. 


ACCESSIBILITY: Very good. It is close to Route ?K. No access road need 


be constructed. 
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SITE PREPARATION REQUIRED: Very little. Some trees may need to be felled 

if it is desired to leave the farm land intact. A road 
passes along the site. 

ADVANTAGES: Ease of access. Good soil for construction. Little site 

preparation required. Level ground. It is close to, but 
not visible from, travel corridors. 

DISADVANTAGES: Industrial use might disrupt the neighboring agriculture, 

but probably no more so than the existing extraction operation. 
Industrial use depends on the status of the extraction operation. 
The site might be visible from 9N. 
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LOCATION: Along Style* Brook Ro*d» *t th* bate of Clements Nountein. 

(Fig lore 6.) 

EXISTING LAND USE/ 

GROUND COVER: The tract la wooded as is most of the surrounding area. 

A few isolated farms are nearby. 

SOILS: Its terrace location and well-drained appearance indicate a deep, 

coarse-textured outwash soil. Windsor Association is the 
classification given it by the General Soils Map. Windsor 
soils are capable of supporting buildings. The elevated 
position should free the site from drainage problems and 
the droughtiness of the soil should rule out its agricultural 
use. 

SIZE: It is approximately 2.2 x 10^ sq. ft. (2.1 x 10^ sq.m.). 


WATER: The soil should bear ground water. No surface water is visible. 

ACCESSIBILITY: The site is adjacent to Styles Brook Rd. 
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SITE PREPARATION REQUIRED: Tht tr«« cover would need to be cleared 


ADVANTAGES; 


Some grading might be necessary. 

The soil should be good. It la hidden from view. Ground water 
should be available. 


DISADVANTAGES: Trees would need clearing. The local agriculture might suffer. 
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LOCATION: 1.5 bIIm (2.4 Ian.) tavt of tho Villag* of Jay, batvaan Bull Hill 

and tha bata of Lincoln Mtn. (Figure 6.) 

EXISTING LAND USE/ 

GROUND COVER: The tract it partially cleared, apparently having been 

fanned at one tine, '..e farm house is still visible. Juat 
north of the site is a small farm. The remainder of the nearby 
land is densely wooded. 

SOIL: The proposed site is on an elevated tract between a steep mountainside 

and a small till-covered, bedrock knob. The soil of the site 
apprears well-drained and is reportedly of the Windsor Association, 
believed to be formed in outvash. As such, it should be 
suited for construction and fairly poor for agriculture. 

Its topographic position and coarse- texture should free it 
from drainage problems. 

SIZE: It is approximately 2.2 x sq.ft. (2.1 x 10^ sq.n.). 


WATER: Ground water is likely to collect in the coarse soils that fill this 

hillside bedrock trough. Surface water is not visible. 
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ACCESSIBILITY: A road loads dlraccly Co cha alee. 

SITE PREPARATION REQUIRED: Litcla Is needed, as the land was famed not 

long ago. 

ADVANTAGES: It should have good soil; It Is already cleared; It Is hidden 

from view behind Bull Hill. 

DISADVANTAGES: The local farms may be adversely affected. 
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Au4 

LOCATION: 1.5 nilM (2.4 ks. ) northeast of the Vlllaga of North Jay. 

(Figure 7.) 

EXISTING LAND USE/ 

GROUND COVER: Tha proposed sits is part of a large, thinly wooded area 

that appears to be part of an abandoned farm that has apparently 
consolidated its operations to the more fertile adjacent land. 

SOIL: It is on a small terrace chat flanks the southern base of Haystack Mtn. 

Through the thin tree cover the soil appears dry. Similar 
in land form and appearance to that of sites Au2 and 3, it is 
likely to have similarly good soils for construction. 

SIZE: It is approximately 1.2 x IC^ $q. ft. (1.1 x 10^ sq.m.), bounded 

by woodland that could be cleared to expand the site. 


WATER: Ground water may be available. No surface water is visible. 


ACCESSIBILITY: A road passes by the site. 


i SITE PREPARATION REQUIRED: It requires little, having been cleared for farming. 
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ADVAMTACESt Th« coll appMrs good. It It only thinly voodtd. 


DISADVANTACCS: Ktatby tgrlculturt night bt tffoctod by an Induttrlal uta. 
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Au5 


LOCATION: On Pond Road, one mile (1.6 k=:. ) northwest of U.S. 9, five 

miles (8 km.) north of Lewis. (Figure 8.) 

EXISTING LAND USE/ 

GROUND COVER: The land is partially cleared, surrounded by dense forests. 

It appears to have been a farm at one time. Currently there 
are tvo very snail excavations (sand and gravel, most likely) 
visible on the site and a farmhouse near the road. 

SOIL: The site is on a terrace above a narrow valley. It appears well- 

drained, and the presence of the r^o pits would seem to 
indicate a coarse-grained soil. The soil map designation is 
Colton Association, an outwash-derived soil. It should 
be i=e? and very well-drained on this terrace location, 
and should provide excellent support for buildings. 

SIZE: It is apprcxi-ateiy 2.4 x 10^ sq.ft. (2.3 x 10^ sq. m.)., with a 

potential for e.xpansion along Pond Road. 


K.'^TLR: There is a snail stream in the valley. Ground water should collect 

in the terrace. 
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Figure 8 












Au5 


SITE PREPARATION REQUIRED: The pits would require grading to restore the 

site for industrial use. The trees are already cleared. 

ADVANTAGES: Its location is excellent, as are the soils. Water should 

pose no problem. 

DISADVANTAGES: Part of the site is currently in use as a gravel pit. 


Au6 

This proposed site is very close to site Au5 and is on a similar terrace, 
probably formed in t'le same outwash. The only observable difference between 
the two sites are the land use. Au6 is wooded. 
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WILLSBORO QUADRANGLE 


The Lake Champlain lowlands constitute the eastern half of the 
Wlllsboro quadrangle. Most of this land, except for the wetlands, is farmed. 
The western region has a large area of rugged terrain. Virtually all of 
the land is privately owned. 

There are no visible, potential sites in the upland area, as all of 
the intermontane basins appear wet. The most desirable soils for development 
appear to cover large areas in and around the Village of Wlllsboro. 

As such, development recommendations in this region will be left to the 
governing bodies. 
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SANTANONI QUADRANGLE 


More Chan half of cha land in Che Sancanoni quadrangle is acace-ovnied 
and virtually all is rugged. The relacively level, privacely owned land 
near Wolf Pond In Che souchvesc comer of Che quadrangle is coo poorly 
drained Co be developed. Two sices do meric consideracion in Chls area. 
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LOCATION: At the northtfest end of Beaver Flow, one mile east of Newcomb (1.6km.) 

Lake, and three miles north of NYS Route 28N at Wlnebrook. 

(Figure 9.) 

EXISTING LAND USE/ 

GROUND COVER: The tract Is wooded, although not quite as densely as 

the surrounding forest land. Perhaps It was cleared for 
lumber at one time. 

SOIL: COLTON ASSOCIATION - Deep, excessively-drained sandy to gravelly 

soils, developed In glacial outwash. Shear and compressive 
strengths are good and shrinking and swelling are low. 

It is excellent for building upon. It is also a very good 
source of road-building material. The water table depth 
is usually greater than 4 ft. and bedrock depth is at least 
as great. In this case the water table may be high along the 
northern edge of the site. Topsoils derived from Colton 
soils are usually quite poor. 

The poor agricultural response coupled with the excellent 
engineering properties of Colton soils, makes them generally 
ideal for Industrial development. 

SIZE: Approximately 2.3 x 10^ sq. ft. (0.22 sq. km.), bounded by steep 

land on one side and wetlands on the other. 
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WATER: It Is adjscent to Beaver Flow, a large body of water. Ground 

water should be available In the soil, although the bedrock 
is crystalline and will not bear water. 

ACCESSIBILITY: It is 3 miles from NYS Route 28N. A dirt or gravel road 

(appparently an old luinber road) already passes throu^ 
the site. 

SITE PREPARATION REQUIRED: Moderately dense tree cover would have to be 

removed. The slopes are moderate and might require grading. 

ADVANTAGES: The soil properties are excellent for construction. It is a 

tract of privately owned land in an area that is otherwise 
predominantly state-owned. It is hidden from view and 
does not require the clearing of dense forest, as would be 
required in much of the surrounding land. The sandy and 
gravelly nature of the soil would limit any conceivable 
agricultural usage. 

DISADVANTAGES: It is fairly far from the nearest highway (3 miles). 

Development might be disruptive to ccher uses of Beaver 
Flow. Some forest growth must be cleared. 
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LOCATION: Near Tahawua, A. 2 miles from NYS Route 28N, along the eastern 

side of the Delaware and Hudson Railroad tracks .(Figure 9.) 

EXISTIN LAND USE/ 

GROUND COVER: Wooded. The adjacent land uses are Industrial, related 

to the large mining operation at Tahawus. 

SOIL: COLTON ASSOCIATION - Deep, excessively-drained sandy to gravelly 

soils, developed In glacial outvash. Shear and cozpresslve 
strengths are good and shrinking and swelling are low. It 
Is excellent for building upon. It Is also a very good 
source of road-bulldlng material. The rapid permeability 
of the soil make It excellent for septic tanks. Ground 
water Is often plentiful. Topsoils derived from Colton 
soils are usually quite poor. The water table appears 
to be high In parts of the site. Much of the surrounding 
land Is wet. This night restrict building. The site is 
just above the flood plain of the Opalescent River and 
might be flood prone. 

SIZE: Depending upon the amount of dry ground, it may be as large as 

12. S X 10^ sq. ft. (1.19 sq. km.). 
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SA2 


'CATER: Th« Opal«>c«nc River peeeee by the elte. Ground veter mey 

be found in the coerse-textured soils over the crystalline 
basenent rocks. 

ACCESSIBILITY: Very good. It is close to the Tahsvus -Sanford Road. 

The Delaware and Hudson Railroad passes through the site. 

SITE PREPARATION REQUIRED: Trees oust be cleared. The slopes are relatively low. 

ADVANTAGES: The site is potentially very large depending upon the limits 

of the vet ground. It is accessible by highway and railroad. 

The surrounding land uses are industrial and would not be 
adversely affected. The approach road is not likely to 
be used by tourists. (Crushed stone is available at the 
neighboring mine.) 

DISADVANTAGES: It is distant from any villages. Trees need clearing and 

it may be poorly drained in whole or in part. 


MOll.T XARQ' QUADRANGLE 
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The Mount Mercy quedrenglc concelns the High Peeke region of the 
Adlrondecke. Not surprlelngl:*. cost of the lend le too steep to build 
upon (overley 2). Most of the lend le elio etete-ovned (ovcrley 1). 

The soils end slopes in r.eene Velley ere suiteble for development. 

The nsrrowness of the velley, however, limits the degree to which buildings 
could be hidden to preserve the "cherscter of the hemlet" es dicteted 
by the APA guidelines. In iidltion, such of the level land is used for 
agricultural purposes. 

There are a few extracti:n pits adjacent to NYS Route 73 that night 
be suitable for reclamation f:r industrial purposes. 

The following sites have soae potential for development, should any 
be desired in this remote section of the county. 
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LOCATIC::: Bacvaan Elk Laka and Claar ?ond, 3 nllaa ( 4.8 kn.) north 

of Boraaa Road naar Blua Rldga« along Elk Laka Road. Thara 
ara two naighborlng alt as, acroaa tha vallay froa ona anothar. 
(Figure 10.) 

ExiSTi:;; ia;:d ise/ 

CR0U!«'« CO'.IX: Both tracts ara wooded, aa is tha surrounding land. 

Thera ara a faw campsites at the southern end of Elk l*ke. 

SOIL: Tr.i" are hillside sites, appear dry, and are reportedly covered with 

soil of tha Hemon Association, a boulder)’, sandy loar, 
derived from glacial till. Ihe soil is generally deep (greater 
than 5 ft. to bedrock), vell-to-axcessivaly drained with a water 
table depth usually in excess of 4 ft. Tha shear and 
cospressiva strengths of Eermon soils ara good, and they ara 
capable of bearing structures. Shrinking and swelling are 
low, and the elevated ccpcgraphic positions of tha sites 
-ake then unlikely to be flood prone. Septic tanks should 
operate satisfactorily Ir. these soils. Hemon soils arc 
poor aquifers because c: their compacted till origins. 

Tney are poor agricultu'’al soils because of their strong 
acidity, excessive drainage, and stoniness. 

In sum, Hermon soils are excellent for building upon 
and will not suffer fren lost agricultural potential. 



Figurt 10 
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SlZEt mi: 18.3 X 10^ aq. ft. (17.0 x 10^ aq. a.). 

MMU: 3.6 x 10^ aq. ft. (3.4 x 10^ aq. a.). 

WATER: Thara la plantiful aurfaca watar, with Elk Laka and Claar Pond 

naarby. Tha Brandi Rlvar naia In tha vallay batvaan tha two 
altaa. Groundwatar aay ba llaltad dua to tha danaa till 
ovar badrock ground condltlona. 

ACCESSIBILITY: Elk Laka Road laada dlractly to tha altaa. tha alta araa 

la roughly alx nilaa (9.6 km.) from Northway Exit 29 (North Hudson). 

H 

I 

j 

SITE PREPARATION REQUIRED: Traas tmiat ba claarad. Tha alopas ara sonawhat 

laas than SI. ao a anall amount of grading may ba raqulrad. 

ADVANTAGES: Tha altaa ara vary larga and ralatlvaly flat. Tha aoll la not 

aultabla for agrlcultura, but la vary good for building 
conatructlon. Accaaalblllty by road la vary good. Tha land 
ia hiddan from vlaw. 


DISADVA.NTACES: It la a faw mllaa from tha naaraat town. Danaa traa 

covar muat ba claarad. Any local recraational actlvitlaa 
Bight ba affected. 
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LOCATIwK: Alcag Indian Pass Brook, 3 nlles (4.8 km) south of the Hanlet of 

North Elba, west of Heart Lake Road. (Figure 11.) 

E.XISTIN:- *_o:d use/ 

GROU!^ The site is partially wooded and partially cleared for 

agricultural purposes, which nay have been abandoned. 

SOIL: criTru .iJSOCIATlON - Deep, e>:cessively drained sandy to gravelly 

soils, developed in glacial outwas.i. Shear and compressive 
strengths are good and shrinking and swelling are low. It 
is excellent for building upon. It is also a very good source 
of road-building material. The water table depth is usually 
greater than 4 ft. (’.2 r..) and bedrock depth is at least as great. 
Tne rapid permeability of the soil make it excellent for 
septic tanks. Ground water is often plentiful Topsoils 
derived from Colton soils are usually quite poor. 

The poor agricultural response coupled with the excellent 
engineering properties of Colton soils makes them ideal for 
it.iustrlal development. 

6 5 

SIZE: I: arproximately 4.1 x 10 sc. ft. (5.9 x 10 sq. m.). 
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WATER: The Colton soil may be a good aquifer. Indian Pass Brook may be 

a surface source of water. 

ACCESSIBILITY: It is 3 miles from NYS Route 73 on a side road off Heart 

Lake Road. No additional roadways need be constructed to 
the site. 

SITE PREPARATION REQUIRED: Little is required; much of the site has already 

been cleared of trees. 

ADVANTAGES: The soil has excellent eng.neering characteristics and may 

have only marginal value for agriculture. The site is 
relatively level. It is hidden from view. 

disadvantage:’* : If the current agricultural activity is productive, it 

would be a loss to build here. 



ELIZABETHTOWN QUADRANGLE 


There are only six sections of the Elizabethtown quadrangle that are 
not either State-owned, too steep to build upon or both: the corridor along 

U.S. 9 between New Russia and Elizabethtown, the Moriah-Minevllle valley, a 
tract of land on the northwestern end of Lincoln Pond, the Black River 
Valley in the northeast, land just north of Elizabethtown, and an area 
about three mile&' (4.9 km.) west of Elizabethtown. 

The Northway occupies the Lincoln Pond and Black River valleys. 

The soils in the valley containing U.S. 9 are level and appear to have 
excellent engineering potential. However, the valley is very narrow, 
and buildings here would be conspicuous in this designated travel corridor. 
West of Elizabethtown there is a large, apparently abandoned farm straddling 
Route 9N. Its soils appear to be suitable for construction but it is 
highly visible from the highway. Nearby, along Hurricane Road, the land 
is also reasonably level, privately-owned, and apparently capable of support- 
ing industrial development. The area is residential, though. 

The Moriah-Mineville valley shows the most promise for industrial 
location. 
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LOCATION: Approximately two miles (3.2 km.) northwest of Moriah Center, 

off of Chipmunk Road. (Figure 12.) 

EXISTING LAND USE/ 

GROUND COVER: The tract appears to have been a recently abandoned farm. 

The surrounding lands are wooded, with the nearest farm 
approximately one quarter nile (0.4 km.) away. 

The proposed site is on a terrace on the side of Armstrong Mtn. , 
rising approximately 100 ft. (30 m. ) above the valley. 

The Soil Map lists it as having Colton outwash soils, 
which is consistent with its terrace position and light 
airphoto tones. Colton soils have good engineering properties, 
are well-drained, and generally make poor farmland, which may 
explain the abandoned field. The depth to bedrock appears 
great, and the water table should be low. 

The presently cleared field is approximately 2 x 10^ sq. ft. (1.9 x 
10^ sq. m. ). The site can be extended uphill by the removal 
of trees. 

WATER: Colton soils are generally good aquifers. With the exception of 

a snail stream to the north, there is no visible surface 
water nearby. 


SOIL: 


SIZE: 
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Figure 12 
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ACCESSIBILITY: The site Is easily accessible via Chipcunk Rd. 

SITE P'EFARATION REQUIRED: Very little. The land is level and already 

cleared. 

ADVAiriASES: It is apparently unused by agriculture. It is already cleared. 

The soils should be excellent. It is very accessible, close 
to a travel corridor, yet hidden from vlev, and it is large. 

DISAJV-jriAGES: Industrial development may interfere with the neighboring 

farm operation. 
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PORT HENRY QUADRANGLE 

With Che exception of the tip of Crown Point, none of the lend in this 
quadrangle is State-owned. More than half of it is level enough to build 
upon. South of the Village of Westport is a large plain of fertile lakelald 
clays. Farms cover all of the land that is not cut by streams. North of 
Westport is a continuation of the sane fertile clay soil, intensively 
farcied except where steep bedrock hills intermittently rise, or where the 
streams cut through. Because of this, and because of its high visibility from 
highway and lake, the Lake Champlain lowland was eliminated from consideration 
as a site for industry. Furthermore, the soils are fairly uniform throughout 
and easily examined from the ground if siting is desired at some future time. 

Two possible sites were located on the hillsides along the western 
edge of the quadrangle. 
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LOCATION: 3 1/2 miles (5.6 km.) south of Westport up the side of the 

hill from Stevenson Rosd. (Figure 13.) 

EXISTING LAND USE/ 

GROUND COVER: Psrt of the tract Is an open excavation and part Is what 

appears to be an abandoned farm. The surrounding land Is 
wooded. It Is about half a kilometer from the valley farmland. 

SOILS: The presence of a sand gravel pit and the terrace position would 

Indicate a coarse textured, well>dralned soil; one that perhaps 
formed on an ancient strand line or In glacial outwash. The 
Solis Map designation Is the Colton Association, an excellent 
engineering soli. Its poor agricultural response may explain 
the abandoned farm. 

SIZE: The site Is approximately 2.2 x 10^ sq. ft. (0.2 sq. kn.), half of which 

Is an open pit . 

WATER: The coarse-grained soil may bear ground water. No surface water is 

visible. Lake Champlain is one mile (1.6 km.) away. 

ACCESSIBILITY: A short road leads uphill to the site from the Lake 

Champlain Valley. 
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SITE ??Z?A?AriO!; REQUIRED: The ncrthern half of the site would need little. 

Tne excavation would need grading to restore its suitability 
as an Industrial site. 

ADVA2.Ta:?IS : Tne soils are probabl- excellent. It Is close to a main highway » 

yet hidden from viev. It does not displace any fares In this 
agricultural part of the county. 

DISADV.-j'IA^If : 7ne sand/gravel operation might be a better use for the 

site. 
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PH2 


LOCATION: Niar tha junction of Routes 9N/22 and Stevenson Road, at the 

base of the hill. (Figure 13.) 

EXISTING LAND USE/ 

GPOUND COVER: Most of the trees have been cleared, probably in preparation 

for sand and gravel extraction. At the northern edge of the 
proposed site, two small pits are already In operation. 

SOILS: The terrace position, the light tones, and the gravel pits all 

seem to indicate deep, coarse-textured, well drained soils, 
with desirable construction properties and a poor agricultural 
response. The General Soils Map lists the soil as of the 
Colton Association. 

SIZE: Approximately 1.5 x 10^ sq. ft. (1.4 x 10^ sq. ra.), with expansion 

along the terrace possible, but limited by visibility. 

WATER: There is a good possibility that ground water is present. Lake 

Champlain is approximately 5 '8 mile 1 km.) away. 

ACCESSIBILITY: It is very close to a major highway, to the Delaware and 

Hudson Railroad, and to the Lake. 
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SITE PP^PARATION REQUIRED: Crtdlng. 

AOVAKTAGIS: It It vtry accassiblt. Th« toll should bs sxcsllsnt. Much 

of ths sits Is clssr. 

DISADVANTAGES: Siting an Industry hsrs would prssapt Its usaga for sand 

and gravsl sxtractlon. Tall buildings nay ba vlslbla fron 
tha traval corridor. 
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BLUE MOUNTAIN QUADRAMCLE 


Approximately 20 «q. mi. (52 sq. kn.) of Emox County oxtonda 
waatvard into tha Blua Mountain Quadrangle. Ihraa-quartara of thla haa 
slopaa greater than 152. There are a few unpaved patha that aklrt tha wide* 
apread wetlanda of the lower ground. At a number of apote along the circuit 
o.' aths there are email clearlnga, preauaably campaltea. Recreation 
appeara to wnopoliae the aoMll amomt of land Jn thla part of the County 
and no aultable induatrial altea ware fotnd. 


NEWCOMB quadra::cle 


The aoutheaatem aectlon of thla quadrangle la almoat entirely State* 
owned. There are three parcela of private land in thla aectlon, but they 
are apparently each uacd by cluba. The lovl^da along the eaat bank of 
the Hudson River appear to be wet. A large tract of land**the remainder of 
the lov land in tha aouthem two-chirds of the quadr£rg;.e**la uaed for 
canpsites or homea. Mosr of the lakes In thla region apraar to be Intern. Ively 
used for recreation. 

A "scenic vlata" waa eatabllahed at a point two miles cast of the 
Village of Newcoinb. The vlewshed of this point encompasses much of the 
level land in the northeast section. Apparently, the only land in this 
quadrangle with potential for industrial development without displacing the 
current land uses is close to the Route 3RN corridor in the western part 


of the County. 



SOIL: The soils appear dry on the alrphotos. It has a hillside position » 

sufficiently elevated above the brook so that drainage 
should be no problem. Its soils are reportedly of the 
Becket-Peru Association, and may be fairly shallow to bedrock 
in some places. Becket-Peru soils are oedium-to-’coarse 
grained loams of till origin, and are capable of supporlng 
buildings. 

SIZE: The amount of reasonably level dry land on the site is approximately 

1.0 X 10^ sq. ft. (D.09 sq. km.). Three small streams 
flow past the site, defining its limits. 

WATER: Three small streams pass the site. The till~derived soil may be poor 

in ground water. 
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Figure 14 
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ACCESSIBILITY: It !• over a nile (1.6 ka.) from the hi^way, but directly 

acceaalble by an abandoned lumbering road. 

SITE PREPABATION REQUIRED: Moat of the tree cover vaa fairly recently 

cleared. Some grading la likely needed. 

ADVANTAGES: It la close to NTS Route 2SN and the Village of Nevconb» 

but is reasonably veil hidden from view. Much of the tree 
cover was recently cleared. 

DISADVANTAGES: It Is on a hillside and would require some grading. It is 


a relatively small site. 
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LOCATION: One nlle (1.6 kn.) north of NYS Route 28N» near the eastern 

aide of Arbutus Pond, about five Biles (8>0 ka.) northwest 
of the Village of Nevcoab. (Figurel4.) 

EXISTING LAND USE/ 

GROUND COVER: It was recently lumbered, and Is surrounded by forest. 

It Is about 1/4 mile (0.4 ka.) from Arbutus Pond, 

which has one residential or recreational facility on its near 

shore . 

SOIL: The tract is on the side of a small hill, with a wetland defining 

its lower limits. The site is sufficiently elevated to free 
it from water table problems. The soil nap identifies 
the Becket-Peru Association at that location. These are 
medlum-to-coarse grained soils of origin in glacial till. 

They have sufficient shear and compressive strengths to pose 
no problems to construction on the moderate slopes found on the 
site. 

SIZE: The amount of land between the steep upland and the wet lowland 

is about 1.3 X 10^ sq. ft. (0.12 sq. km.). 


( 
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WATER: It is vsry dost to s large pond. Ground water may also be 

available to a limited degree in the msderetely coarse 
grained soil. 

ACCESSIBILITY: It is accessible from east or west elocg smell roads. 

The western approach appears to be a private drive, but the 
eastern approach, which is considerably longer, appears 
to be an abandoned lumbering road. 


SITE PREPARATION REQUIRED: Little is needed to clear the remaining few 

trees from the site. Some grading may be necessary. 


ADVANTAGES: It is close to the highway, but completely hidden. Trees are 

cleared and the soil is competent. 


( ! 


DISADVANTAGES: Construction might be disruptive to the current use of 


Arbutus ?ond. 
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N3 


LOCATION: On the Tahawee-Lake Sanford Road* four nilca (6.4 km.) north 

of NYS Route 28N. It ie a mile (1.6 km.) south and across 
the Hudson River Valley from site SA2. (Figure 15.) 

EXISTING LAND USE/ 

GROUND COVER: It Is tree covered, alongside a road leading to a large 

mine. All land within a few miles Is wooded. 

OILS: It Is on a terrace that rises above a wet, seemingly flood prone 

valley. The site appears well drained and is probably 
covered with the Colton Association's outwash soils. These 
are very pemeable and should be well drained, which may be 
an Important factor, since most of the lower lands around the 
site are wet. Colton soils have good shear and compressive 
strengths and a poor agricultural response. 

SIZE: Depending upon the evtent of the poorly-drained soils nearby, 

the site may be as large as 3.2 x 10^ sq. ft. (0.31 sq. km.). 

VATER: The Hudson River Is 1000 ft. (0.3 km.) away. Ground water may also 

be plentiful. 
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ACCESSIBILITY: It can be easily reached from Che highway by a road which 

paasea alongside of it. The Delaware and Hudson Railroad 
alao paaaea very cloae by (2000 ft., 0.6 kn., away). 

SITE PREPARATION REQUIRED: Tree felling and poaaibly grading will be 

required prior to construction. 


ADVANTAGES: It la easily accessible, should have good soil, and should 

not be disruptive to neighboring land uses. 


DISADVANTAGES: Portions of the site, or lands very close by. slight be 

wet. A dense tree cover must be cleared. 


Note : Directly across the river Is another potentially suitable sice 

on an outwash terrace. There appears to be a catip ground limoedlaCely 
uphill from the tract. 



SCHROON LAKE QUADRANGLE 


» 


I 
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Two-thirds of the land Is State-owned, forming a solid band across 
the central and northwestern parts of the quadrangle. Much of the northern 
region has terrain too rugged to build upon. 

There Is a large, level tract of undeveloped land between Olmsteadvllle 
and the Essex-Warren Co. border. It Is dissected by small streams, however, 
and much of the ground appears on the photographs to be quite wet. 

The corridors of the Northway (187) and U.S. Route 9 occupy the eastern 
margin of the quadrangle. Possible sites are located in the north and eastern 
sections. 




I * 

i 

I- 1 




98 


sa 


LOCATION: Four miltt (6.4 kn.) west of the Village of Schroon Lake off 

Hoffnan Rd.« near Lenardsvllla Rd. (Figure 16.) 

EXISTING LAND USE/ 

GROUND COVER: The cract had been cleared of treee in Che recent pact, 

either for agriculture or luoiber. There are a few resldencea 
across the valley, approximately half a mile (0.8 km.) away. 

SOILS: The proposed site is on a small terrace on the side of Beech Hill. 

Its airphoto appearance is well drained, but most of the 
land at slightly lower elevations between the site and Trout 
Brook are poorly drained. The soils map identifies it as of the 
Colton Association formed in glacial outvash. As such, the 
soils should be coarse grained with excellent engineering 
characteristics. The elevated topographic position should 
free it from drainage and flood problems. 

SIZE: The boundaries of the site are defined by the wetlands on the vest 

and steep ground on the east. The estimated amount of 
usable ground Is 1.8 x 10^ sq. ft. (0.17 sq. km.). 

WATER: Ground water Is likely to collect in this coarse-grained soil 

at the base of a crystalline hill. Surface water Is in 
the form of Trout Brook, 1/4 mile (0.4 km.) away. 




Figure 16 
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ACCESSIBILITY: A ttitam mutt bt crossed to connect the site with the roed. 

SITE PREPARATION REQUIRED: The tree cover is still thin from ■ previous 

clearing. 

ADVANTAGES: It has been cleared and is close to the main road. The soil 

should be very gcod for construction. No agriculture is 
practiced on the site or nearby. 

DISADVANTAGES: It is small, with wetlands surrounding its lower end. 

Construction may affect the few residences in the area. 
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LOCATION: Near Hoffman Road 4 1/2 tiiilaa (7.2 km.) wast of tha Villaga of 

Schroon Laka. (Figure 16.) 

E.X1STING LAND USE/ 

GROl^D C0\TR: The trace la thinly wooded, having been cleared at aome earlier 

time, apparently for agriculture. 

SOILS: It is located on a broad terrace above Trout Brook. The airphoto 

tones are light. Indicating dry soil conditions. The soil 
map designat«.on is the Colton Association, coarse grained 
soils with excellent engineering characteristics and poor 
agricultural response, possibly explaining the abandoned 
farm. The site's elevated position will free it from drainage 
problems and its depth to bedrock should be fairly great. 

SIZE: Tnis site can be potentially very large, depending upon the amount 

of clearing and grading performed. The terrace is cut 

by the stream on the east, but rises for some distance until 

the hill becomes steep. Readily usable land is approximately 
6 

2.0 X 10 sq. ft. (0.19 sq. km.). 

VATER: Ground water is likely to collect in the deep, coarse-grained soils. 
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ACCESSIBILITY: It is vexy cl:se to Hoffman Rd. A short driveway would 

be required. 

SITE PREPARATION REQUIRED: It has been cleared and Is moderately level. 

Some grading vtuld be necessary. 

ADVANTAGES: It Is close to tr.s read, has good soil, and requires little 

preparation, .-.rriculture has already been tried but abandoned. 

DISADVANTAGES: It might disr.tt the remaining agriculture. 
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LOCATION: Near Boreas Road, approximately one mile (1.6 km.) west of the 

hamlet of Blue Ridge and 4 miles (6.4 km.) west of exit 29 


of the Northvay. 


(Figure 17.) 


EXISTING LAND USE/ 

GROUND COVER: A sand and gravel pit occupies part of the site. Surrounding 

lands are densely wooded. There are a few residences along 
nearby Boreas Road. 


SOIL: The proposed site Is on a terrace with an apparently deep soil cover. 

It appears to be well drained and should have soil of the 
Windsor Association, according to the soil map. Windsor soils 
are excessively drained, capable of supporting buildings on 
slopes of less than 8%, which holds true in this case. 

They generally have poor agricultural responses. 


SIZE: The pit is currently less than 1 x 10^ sq. ft. (0.9 x 10^ sq. m. ). 

Additional removal of sand and gravel would expand this. 


WATER: Ground water may be plentiful in this coarse-grained soil. 

The Branch River passes nearby. 
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ACCESSIBILITY: It is very easily accessible, being Just 1/4 mile (0.4 km.) 

from the main road and the Northway. 


SITE PREPARATION REQUIRED: Reclamation of gravel pit. 


ADVANTAGES: The soil, if any is left, should be good. The site is already 

cleared and it is very accessible. Water should be available. 

DISADVANTAGES: It is currently being used for sand and gravel extraction. 

The soil cover may be exhausted tihen the operation is finished. 
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PARADOX LAKE QUADRANGLE 


Virtually all of the land to the south of MTS Route 73 Is State-owned, 
as is much of the land In the northwest quadrant. The valley north of 
Penfleld Pond is occupied by the Hamlet of Ironvllle. Most of the dry land 
in and north of Ironvllle is being farmed. 

With the exception of one location near the hamlet of North Hudson, 
the proposed sites are in the northeastern section of the quadrangle. 
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LOCATION: One mile (1.6 kn.) south of Chilson, between Putts Pond and 

Armstrong Roads. It is five miles (8 km.) vest of the 
Village of Ticonderoga, off NYS Route 74. (Figure 18.) 

EXISTING LA.ND USE/ 

GROUND COXliR: The tract is wooded, parts of it thinly so, as if it were 

once farmed and then abandoned. There are a few residences 
and small farms along Putts Pond and Armstrong Roads. There 
is an open excavation, possibly a sand and gravel pit on Putts 
Pond Road near the junction with Route 74. 

SOIL: The proposed site is located on a portion of a till plain, at a 

slightly higher elevation (30-40 m.) than two streams that 
pass nearby. As such it should be quite well-drained. The 
Soils Map lists it as of the Parlshvllle Association, a medium 
to coarse textured loamy soil derived from till. Shrinkage 
and swelling should be low, but a fragipan may interfere with 
drainage. 

SIZE: The tract is bounded by two roaos that form a V-shape. At the open end 

of the "V" is a wetland that would mark the limit of 
expansion. The approximate size Is 10 x 10^ sq. ft. (.93 sq. kn.). 
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WATER: Two screens pass within 1/4 mi. (0.4 km.) of Che site. Ground 

water nay be available. 

ACCESSIBILITY: It is very easily accessible along either of Che two roads. 

SITE PREPARATION REQUIRED: The tree cover would require clearing, but 

part of the sice had been cleared at one tine and has only 
a Chin tree cover 

ADVANTAGES: It is hidden from the travel corridors, its soils should be 

adequate, and it is large. 

DISADVANTAGES: Development may interfere with Che neighboring residential 

land use. The fragipan might cause drainage problems. 



110 


y 


PL2 


LX)CAT10N: Three miles (4.8 km.) northwest of Chilson on Lonesome 

Road, off of Corduroy Road. (Figure 18.) 


EXISTING LAND USE/ 

GROUND COVER: The proposed site is cleared of trees, probably for a now 

defunct farm. One residence, perhaps the farm house, is 
near the site. The remainder of the land is wooded. 

SOIL: Appears dry, although some nearby areas at lower elevations are vet. 

The General Soils Map designation is of the Becket-Peru 
Association, a soil formed in glacial till. The soil strength 
is fair and should be capable of supporting buildings. The 
low position and adjacent wetlands could lead to some drainage 
problems. 

SIZE: Small; limited by adjacent wetlands and steep ground (0.6x 10^ sq. ft. 

0.05 sq. km.) . 

WATER: A stream passes by the site. The water table is probably high. 

ACCESSIBILITY: It is close to NYS Route 73. 
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PL2 


SITE PREPARATION REQUIRED: Little » because the ground is cleared of trees. 


ADVANTAGES: It is completely hidden from travel corridors and has been cleared 

of trees. 


DISADVANTAGES: Drainage might be a problem. 
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LOCATION: 1.5 miles (2.4 km.) east of US 9 at North Hudson, Just asst 

of Johnson Pond. 

EXISTING LAND USE/ 

GROUND COVER: The tract is thinly wooded, apparently once cleared for 

lumber. The surrounding areas are densely wooded. 

SOIL: The proposed site is on the side of a hill that rises approximately 

100 meters above Johnson Poed to the west and a swamp to 
the east. The soil tones are very light, indicating a dry 
soil. Its soil map listing is Becket-Peru, a medlum-to- 
coarse textured loamy soil with a fraglpan. Soil strength 
is fairly high and capable :f supporting buildings, bu' 
the fragipan might interfere with the drainage. 

SIZE: It is approximately 1.9 x 10^ sq. (l.S x 10^ sq. m.). 


WATER: It is close to a large pond. Groir.d water is not very likely. 


ACCESSIBILITY: A road leads directly to the site. 
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Figure 19 
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SITE PREPARATION REQUIRED: Ih« titt hM • vary thin traa covar. 

ADVANTACES: It la tha only availabla slta In a largaly Stata-ovnad 

raglon. It haa baan elaarad for tlabar. No faralng would 
ba dlaplacad. 

DISADVANTAGES: It la aoMwhat iaolatad. Induatrlal uaa may intarfara with 

tha racraatlonal uaa of Johnaon Pond. 


TICONDEROGA QUADRANGLE 


Virtually nona of cha land in this quadrangla la Stata^owntd. Thara ara 
a fav daalgnacad craval corrldora that cross it: NTS Routas 9N, 22, 73, and 

347. Dtvtilopnant adjacent to thasa highways is dlscouragad. Most of tha land 
in this quadrangla Is ralativaly laval and capable of sustaining Industrial 
gro%/th. It is also one of tha nost visible areas of tha Cointy, so questions 
of devalopDant hare must be based upon societal goals rather than primarily 
physical constraints, as in saich of tha rast of tha Coisity. 

lha larga area between Route 9N and Lake Champlain inaadiataly northeast 
of tha Village of Ticondaroga is almost entirely used for agriculture. 

Exceptions to this ara tha Ticondaroga Airport, Fort Ticondaroga, and a single 
larga industry at tha edge of tha Lake. Tha soils are lakalaid clays, and 
ara among tha most suitable in tha County for agriculture. In addition, 
tha travel corridors of NYS Routas 9M and 22 afford a view of tha Lake and tha 
State of Vermont on tha other side. Development in this area should be avoided. 

Similarly, most of the dry land to the northeast of Crown Point is fertile 
clay soil that is currently being farmed. To tha vast of town appears to be 
a moderately dense residential area, with scattered farms. 

Sites rccommoivifd for possible industrial development ara on the rather 
droughty, infertile terraces that rise from tha western edge of the lake plain. 
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LOCATION: Four miles (6.4 km) southwest of Tlconderoga, off NYS Route 9N 

and Shattuck Road, on Lower Bull Rock Rd. (Figure 20.) 

EXISTING LAND USE/ 

GROUND COVER: The proposed site is wooded, appearing to have once been cleared 

for agriculture. Adjacent tracts along Lower Bull Rock Road 
are currently being farmed. 

SOILS: The land form is a terrace, presumably formed in outwash, and well- 

drained in appearance on the airphotos. It is likely to be 
of the Colton Association. Colton soils have excellent engineer- 
ing properties and are generally poor agriculturally. The 
terrace location should provide a deep soil mantle, free from 
drainage problems. 

SIZE: The land that is now not in agricultural use is approximately 0.9 xlO^ 

sq. ft. (0.08 sq. km.). 

WATER: Ground water should be available in this coarse-grained soil, especially 

given its position on a terrace, under which water moving 
downhill could collect. A stream (Riley Brook) flows near 
the contact between the terrace and the bedrock upland. 

It has cut down to a lower elevation than that of the proposed 
site, so it should not contribute to any drainage problems. 
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T1 


/ CCESSIBILITY: It Is very accessible, being only a mile (1.6 km.) from Route 9.N 

Lower Bull Rock Rd. bisects the site. 

SITE PREPARATION REQUIRED: Trees must be cleared. The site is level, 

so very little grading would be required. 

ADVANTAGES: It is very close to the highway corridor, yet probably not 

visible from it. The soil should have excellent engineering 
properties. 

DISADVANTAGES: If too many trees are cleared it would be visible from 

Route 9N. It might disrupt the adjacent agriculture. 


T2 


LOCATION: Midway between the Villages of Crown Ft. and Ticonderoga, Just 

off of Routes 9N and 22. (Figure 20.) 

EXISTING LAND USE/ 

GROUND COVER: There is an excavation, probably for sand and gravel, 

currently on the proposed site. It is surrounded by forests 
on three sides, with agriculture (possibly abandoned) on the 
fourth. 

SOILS: The site is located on what appears to be an outwash terrace. The 

airphoto tones are very light, indicating a well-drained soil. 
This is borne out by the sand and gravel operation. The soil 
map identifies this site as having Colton Association Soils. 
Colton soils are very coarse-grained and have excellent engineer- 
ing properties. 

SIZE: The current size of the excavation is approximately 0.6 .\ 10^ 

sq.ft. (0.05 sq. km.). This could be expanded somewhat, at 
the expense of the higher levels of the terrace. 

WATER: Ground water should be available in this coarse-grained terrace, unless 

the excavation has interfered with the flow. Surface water 
is not visible nearby. 
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T2 


ACCESSIBILITY: Very good. It is about a kilometer from Routes 9N/22, 

but may actually be hidden from view behind what is left of 
the terrace. 

SITE PREPARATION REQUIRED: The tree cover has already been cleared. Use 

of this site depends upon the operation of the sand and 
gravel pit. Reclamation would be required. 

ADVANTAGES: The soil, if any is left, has excellent engineering characteristics. 

It is very close to a major travel corridor, but should be 
hidden from view. It would not displace any agriculture in 
a very intensively farmed area. 

DISADVANTAGES: Any utilization of the site must wait for the extraction 


operations to halt 


T3 


LOCATION: On Che same terrace as sice T2, but further uphill. Co the 

vest. It is adjacent to Che Vineyard Road, and is also 
accessible from NYS Routes 9N/22. (Figure 20.) 

EXISTING LAND USE/ 

GROUND COVER: An open excavation, probably s sand and gravel operation. 

A small farm is located just south of the site, on Vineyard 
Road. The remainder of the adjacent land is wooded. 

SOIL: The soil appears to be very similar to that of site T2 and should have 

the same good engineering properties. 

SIZE: It is approximately 0.6 x 10^ sq.ft. ( 0.5 x 10^ sq.m.). 


WATER: It should have good ground wate’’ potential. No surface water is 

visible on or near the site. 


ACCESSIBILITY; It is adjacent to the Vineyard Road. 


SITE PREPARATION REQUIRED: Reclamation of the gravel pit. 


i:: 


T3 


ADVANTAGES: The soil appears to be excellently suited for construction; 

it Is close to a major travel corridor, but is hidden from 
view. 

DISADVANTAGES: Its use is dependent upon the termination of the 

extraction operations. The small farm on adjacent land might 
be adversely affected by industrial development. 


T4 


LOCATION: On the Vineyard Road, approxiaiately 1/4 mile (0.4 km.) south 

of site T3. 

EXISTING LAND USE/ 

GROUND COVER: The actual proposed site is a cleared field, apparently an 

abandoned farm plot. A small farm appears to be in operation 
immediately north of the site. 

SOIL: The soil is on the same large terrace as sites T2 and T3 and should 

benefit from the same excellent Colton soils. 

SIZE: It is approximately 0.6 x 10^ sq. ft. (0.5 x 10^ sq. m.). 


WATER: Ground water should be available. No surface water is visible. 


ACCESSIBILITY: It is easily accessible from U.S. 9 via the Vineyard Road 

which passes alongside of the site. 


SITE PREPARATION REQUIRED: Virtually none. 
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ADVANTAGES: The soil should be excellent for construction. It is hidden 

yet accessible. The land is cleared and level. 

DISADVANTAGES: Development may adversely affect the small farm on the 

adjacent tract of land. 
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T5 


LOCATION: South of Crown Point Center, Just northwest of Buck Mountain. 

(Figure 20.) 

EXISTING LAND USE/ 

GROUND COVER: The proposed site Is wooded. There are some residences 

along the roads that lead to It. It Is hidden from the 
Lake Champlain valley behind a mountain ridge. 

SOIL: The soil map refers to this area as being of the Parlshville Association. 

It is located on the gentle back side of a mountain ridge and 
appears to have fairly deep, well-drained soil. Parlshville 
soils are formed In glacial till, so their boulder content 
might be quite high, possibly creating added excavation expense. 
Their strengths are high and capable of supporting structures. 

A few small streams cross the site, with the possibility 
of causing locally wet areas. The majority of this very 
large site seems to have no drainage problems. 

SIZE: This amouiit of undeveloped land here Is quite large ( 50 . o x 10^ sq. 

ft., 2. "9 However, parts of the site nay be wet and 

nust be avoided. 
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WATER: ScreatM cross ths site. Ground water is possible in this coarse 

textured soil. 

ACCESSIBILITY: A road passes by the site. 

I 

SITE PREPARATION REQUIRED: The dense tree cover would need clearing. 

ADVANTAGES: It is hidden from the valley, the site is potentially quite 

large, and the soils are suitable for construction. 

DISADV.^NTAGES: Much of the site may be wet. A dense tree cover would need 

clearing. 
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Comptriton of tht Sitoo (eontinuod) 
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a. Shown on map. Figure 1, p. 22. 

b. Based upon the soil’s shear and bearing strengths and drainage characteristics; 

on site checks are required to confirm these character! cations. 

c. From high altitude photographs obtained June 2S. \9“9. 

d. This rating is based upon such factors as: proximity to villages, to highways 

and other travel corridors, and to rail links; whether or not an access driveway 
must be constructed; steepness of access road; presence of water bodies or wetlands 
to be crossed. The tcrr.s are relative, ranging from excellent (less than 
a mile from a population center) to fair (several miles from highway or town.) 

e. Since no locations that have high visibility were selected, all sites are classified : 

having cither "low" or "moderate" visiibility. Sites ’.ith low visibility 
cannot be seen from h:;hw.-.y5 or vi 1 Sites with 'cJcratc visibility auay 

be visible under certain circumstaiiccs--c.g. , if the b-il.li*.gs are tall, or if 
trees arc clc.ircd, \isibility was determined from the high altitude photograuhs. 

f. 10^ sq. ft. equals appro.\i"’ntely 25 acres. 10*’ sq. n. t-'.ials 10 hectares. 
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OVERLAY x: STATE- OWNED LAND 


Tht intention of the State Legislature has been to gradually expand 
the State's ownership of land within the Adirondack Park. The format of the 
overlays, with their progressive elimination of lands from consideration, lends 
itself to the addition of future State purchases of land. For example, 
during the period between 1977 (which coincides with one of the reference maps 
used) and 1979 (whi«*h corresponds to the updated version of the map used) 
the State added several large and small parcels of land to its ownership. 

These were simply added to the cross-hatched areas on the overlay. Thus, 
this portion of the site selection model can be easily adaptable to such 
changes. (Another overlay, that of the steeply-sloped areas, should not have 
to contend with any real changes during its lifetime.) A f'lll-sizcd paper 
copy of this overlay is included in the pocket on tne back cover of this 
report. The overlay (2) to figure 21 is a reduction copy. 


L.-U 


OVERLAY 2: STEEP LAND 


The areas cross-hatched on this transparency are those with slopes 
of the 1S% or greater. Also included on this overlay are those areas that 
have an elevation of greater than 2500 ft. (762 m.) although their 
local reliefs may be low. 

T :c areas shown here were measured on 16 USGS topographic sheets and 
were combined at the common base map scale of l:Ko,000. A full-sized copy 
of this overlay is in the pocket. The overlay to figure 21 is a further 
reduction in scale of the steep land map. 
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Table 1. Landacape Claas Deacrlpliona 
Landfora Mountain! Foothllla 


SyBbol 

M^3*d 

r-l-a 

F-l-b 

Naait 

Slimpy Mountain! 

Folded Sedimentary 
Foothllla 

Dlaaeetad Pedlaenta 

Precipitation 

25-60- 

10-lU- 

10-lU- 

BeKtne 

Pacific Maritine 

Continental 

Continental 

Deacription 

Mid -elevation 
Bountains , 
unstable geology 

Steep amooth 
slopes of Bod- 
erate relief 

Gently eloping 
benches with steep 
breaks along drainages 

Geology 

Shulcs and 
SiUstonea 

Dipping con- 
aoli dated 
Sedirncntariea 

Sandstones and Shales 

Soila: 

Doainant 

Subgroups 

Xndic Cryochrepta, 
Udic Uatochrepta 

Aridic, Lithic, 
and T/pic 
Haploborolla , 
Torriorthenta 

Aridic Arglborollt, 

Haploborolla, 

Csiciborolls 

• 

Sol la : 
Dootinani 
Fanl 1 les 

Strep and very 
steep, loamy, 
sKoletal 

Hr* »r steep, 
f ne loamy and 
loiimy, sKelctal 

Level to undulating, 
fine loamy and loamy, 
skeletal 

Cliaaa 

Vegetation 

Douglas Fir, 
Alpine Fir, with 
iiiclusionB of 
Ctvliu* and 
ocK 

Shortgrass lYarie 
and Sagebrush 

Shortgrass Prarie 
and Sagebrush 
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Selected Correspondence 



CH2M 

S8HILL 

enpineprs 

planners 

economists 

scientists 


June 18, 1980 
P10.33 


Dr. T. L. Erb 
Cornell University 
Ithaca, New York 14850 

Dear Dr. Erb: 

In the program for the ASCE Specialty Conference on remote 
sensing, to be held at the University of Wisconsin this 
August, you and colleagues from Cornell are scheduled to 
present a session on analyzing landfills with historic air 
photos. I am interested In this topic. Do you have any 
publications in the literature to which I can refer for more 
information? 

We are actively engaged in Ian Jill siting, operations, 
design and construction management, and are interested in 
techniques that can be applied to our work. 

Thank you for your response. 

Sincerely, 

Rhea Lydia Graham 
Engineering Geologist 

RLG:cw:1804 


fortUfid Otlicf 

Jimsu Mjrkfl i;th Poftl.ifHl J24‘I1SU Cjhlf CH2MHIII 



OF REMOTE SENSING 
August 25, 1980 


Thonas L. Efb 
Research Specialist 
Cornell University 
Holliater Hall 
Ithaca, NY 14853 

Dear Ton: 

I wanted to thank you once again for a very interesting presentation 
at the ASP Conference last week in Madison. I certainly thought your 
example provided an excellent series of Illustrations on the use of 
sequential aerial photography. As I had mentioned to you at the Conference, 
I would be very interested in obtaining copies of the slides, particularly 
the sequence showing the area that had previously been a gravel pit before 
the land fill operation and the other slides of the Love Canal. Such a 
aeries wou.'d add considerably to the unit I give both fall and spring 
semesters on Land Use Applications in my Remote Sensing courses. 

I have enclosed a couple of a'rlcles describing some of the work with 
which we are involved here at Puroue. Once again, I enjoyed the opportunity 
meeting you and certainly thank you for your consideration of my request of 
the teaching materials. 


Sincerely yours. 



Roger M. Hof fer 

Prof'ssor of Forestry, and 

President, Western Great Lakes Region, 

ASP 


Enclosures 



U20 Hotter Drive 

V\evl Ijfdvette, Indunj 47S0fc 

(317) 749-205: 


H. MOOIJ & ASSOCIATES 

solid and hazardous waste management engineering 


3 Elk Court Kingston. Ontario. Canada. K7M 7A4. (613) 389*7720 


November 14, 198 O. 



Prof. T.L. Erb 

Department of Civil Engineering 
Cornell University 
Ithaca, New York 14853. 

Dear Sir: 

I would appreciate receiving a copy of your 
paper on the "Analysis of Leuidfills with Historic 
Airphotos" as presented at the ASCE/ASF Specialty 
Conference on Civil Engineering Applications of 
Remote Sensing, held at the University of Wisconsin 
in August of this year. 

It would also be of interest for us to learn 
more about your own work in landfills. Any other 
references or papers you may have dealing with 
remote sensing applications to landfills would 
be of interest to us. 

Tnank you. 


Yours truly, 

H. MOOIJ & ASSOCIATES LTD. 


Environmental Remote 
Sensing Applications 
Laboratory (ERSAL) 


Oteeon 
, .State 
University 


Corvallis, Oregon 97331 




iS03i J0S6 


October 9, 1980 


Dr. Warren R. Philipson 
Hollister Hall 
Cornell University 
Ithaca. NY 14853 

Dear Dr. Philipson, 

I am interested in obtaining more information on your project dealing 
with clear cut monitoring with remotely sensed data. We have initiated the 
same type of study in Oregon and would like to know what type of techniques 
you utilized as well as, the size of the clear cut studies and the interpretati 
accuracy encountered. 

If Mr. Hafker's thesis is available as a published report or as a xerox 
copy, please send me a copy and a bill covering the cost of the document. 

Sincerely, 

Citi.fi 

Anthony j/ Lewis 

Research Associate 


AJL/ja 



/dbaiaT-T 


ENVIRONMENT 


Environmental Coordination Servtcet 403/427-2381 

Alberta Remote Sensing Center leleK 037*2006. TWX 610*631 *2636 

1 1 th Floor. Oxbridge Place 
9820 • 106 Street 
Edmonton. Alberta. Canada 


T5K 2J6 


21 October, I 98 O 


Dr. W. R. Phi 1 ipson 
Cornel 1 Uni vers I ty 
Hoi 1 i ster Hal 1 
ITHACA, N.Y, Ii*853 


Dea r Sir, 

I would appreciate it if you would send me more information regarding 
the monitoring of forest clearcutting. While conventional, large scale 
photography is currently used here, a number of forest products 
companies have expressed interest in the use of small scale photography 
or Landsat imagery for cut-over mapping. 

Thanks for your assistance. 

Yours sincerely. 


Robert Morton 


✓ 


RM/hg 


MMOitS Of COMMISSION 

JANI T. iOWMAN 
lUNCHt M. OtftNI 
UtiAN N. KAtCNM 
UVtNOSTON UNSINO 
•CtNAIO I. MAIONIY 
JAMIS M. McMAHON 
WMUIAM J TAYlOt 


9tdk ef Nnuyork 

lenipoiury Sldit Commission 
on~Iug Hill 

N.VJ.S. 0|ylce Buiiauig 
317 UUhingbm Shtei 

VUMoum. Neu»y«rk, 13601 

(315) 782-0100 


July 16, 1980 


Mr. Warren Philipson 
Remote Sensing Program 
464 Hollister Hall 
Cornell University 
Ithaca, New York 14850 


tICHAiO I MAM 

Chatfff^an 


SIMHIN 1. RICH 

S 9 Cr«»ar|r 

MNJAMINf CO^ 

Du 9 <fO* 


Dear Mr. Philipson: 

For the past several years the Tug Hill Commission has been keenly 
interested and quite active in recognising the potential of wind I'^ovier 
in the Eastern Ontario - Tug Hill area. In 1974 the Commission sponsored 
site specific wind studios in and around the Tug Hill area. 

On July 10 Robert i;;)uinn and T met with Paul Wondelgass (SEC) and 
Bruce Bailey (SUNY ASRC) to •'’'scover any new developments in the New 
fork wind energy scene and t convey the Commission's interest in this 
field. Paul and Bruce made reference to your work in Erie, Niagara, 
and Orleans counties. We would greatly appreciate any information you 
could provivie us on your research out there. Bob and I were also in- 
formed that your analv^sis might be completed by fall 1980. If so what 
would bo the possibility of identifyimi prospective Tug Hill wind sites 
using the remote sensing technique? Doth Bruce and Paul feel confident 
that there exist some good sites in tl. is area. 

We were also informed of Cornell's anemometer loan proaram and that 
this program is currently operating in Erie, Niagara, and Orleans counties. 
T\i you have an id»>a as to who to contact regarding this program? 

Thanks v^ery much for your t'mt^. We look forward to hearing from 
you soon. 


Sincerely, 

Hugh Porter 
Policy Anal vs t 


HP/cf 


e COOPERATIVE 
EXTENSION 


Cornell Univtftity 

Slate Univarfity d Naw Yovli 

U.S Dapartmant of Agncultura 


Cooparalhrt Cxtanaiof) • StfHoia Caufily 
}4a GrUfino Avafiua. fli^ H iaad. NY IftOI 
Phona aia-727>7iSO 


September 18, 1980 


MEMORANDUM 

TO: All Planning Departments 

FROM 

COOPERATIVE EXTENSION AGENT 
Land Use Specialist 



We've been asked by the School of Civil and Environmental Engineering at 
Cornell University to Inform you about the School's Remote Sensing Program . 

Working under a grant from NASA, the School Is seeking new, problem-solving 
applications of aircraft and satellite remote sensing in New York State. 

Some specifics about this program are explained on the reverse side of this 
letter. The projects have been, and must continue to be, action- or benefit- 
producing, unique in some way. and normally rely on existing aircraft or 
satellite imagery. 

If you have a project which you'd like the Remote Sensing Program to con- 
sider, contact John A. Stanturf, Research Associate, Remote Sensing Program, 

School of Civil and Environmental Engineering, Hollister Hall, Cornell University, 
Ithaca, New York 14853, phone: (607) 256-4330 or 256-5074. 
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e COOPERATIVE 
EXTENSION 


Cornell Unl¥«ftlty 

•l«t« Unlv«riity of Now York 

U S. Doportmoni of AprlcullMro 


Cooportllvo titonilon AttoclaUofi 
of Albany County 
Martin Hoad 

Voorhootvillo. Now York 121SS 


County 

AgricuNuro/ 

Homo 

4-H >buth 

Community Rotourcoo 

Diroctor 

Homo Hortlculturo 

Economict 

Dovolopmoni 

Oovolopmont 

(51S) 765-3635 

765-2331 

765-2074 

765-2327 

765-3B35 


September 29, 1980 


John A. Stanturf 
Remote Sensing Program 

School of Civil and Environmental Engineering 
Hollister Hall 
Ithaca, NV 14853 

Dear John: 

Thanks for your letter and your interest in our alternate 
energy ideas, an interest which I gather is shared by very few 
of your Cornell colleagues. As you may recall, most of the effort 
of the Cornell faculty with whom we discussed this project was 
spent trying to discourage it. 

Nevertheless, we have proceeded and have grant proposals 
pending at both N.Y.S. E.R.D.A. and the U.S. Dept, of Energy. 

These proposals are to test the ideas of on-land application of 
sewage sludge as a soil conditioner and the use of hybrid poplars 
as a bio-mass crop. To work up these proposals the City used as 
consultants two local engineering firms, a professor from N.Y.U. 

(on the alcohol production aspect), Ray Marler from the Syracuse 
School of Forestry (on poplars), and Lew Naylor from Cornell (on 
sludge). Lew is familiar with the project and plans to be quite 
involved if it is funded. I would suggest you visit with him. 

I'm sure you can add a lot to the proposed project. 

A possible good use for the remote sensing capability might 
be to identify those areas of marginal farm land in the region 
which might be most suitable for bio-mass farming. I'm sure 
Larry Smith, Albany County Planning Director, would also like 
to talk to you about remote sensing possibilities. Toll him 
I suggested that you make contact with him. 

Thank you again for your interest in this project. 

Sincerely vours. 

George K. Hecht 
Cooperative Extension Agent 
Community Resources Developmei. 
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Cooo^ratfv# Ei(1«nt4on in Nvw York StWa pfovKSM EqusI and EmptoyrntrH Oooortuniti#* 


Albany County Planning Board 



8TEDMAN HOUSE 
1 LODGE STREET 
ALBANY. NY. 12207 
(S18) 44S-7964 


Ocotber 1, 1980 


Cornell University 
Remote Sensing Program 

School of Civil and Environmental Engineering 
Hollister Hall 
Ithica, NY 14853 

Dear Sirs: 


I noticed in your September 1980 information letter to the Cooperative 
Extension Associations that you have experimented with remote sensing 
for identification of windmill sites. Our office has been working with 
one of the County's municipalities in exploring wind potential for 
electrical generation. We are considering expanding this to a County 
wide study in order to Identify areas in Albany County with the greatest 
potential. Therefore, could you please send me any information you 
have on the application of remote sensing for such a purpose. I am 
particularly interested in the methodology, equipment needs, and imagery 
criteria. In addition, if you are aware of other references that may 
be of assistance in this effort please let me know. 

I look forward to your response. 



JWH/sa 



NORTHERN TIMBERLANDS DIVISION 
Dtf«rl«t. N Y. 13628 315/493*3640 



PAPER COMPANY 


October 13, 1980 


Mr. John A. Stanturf 
Research Associate 
Remote Sensing Prograun 
Hollister Hall 
Ithaca, New York 14853 

Dear Mr. Stanturf: 

I would be very interested in taking advantage of your offer 
to participate in the remote sensing program. There are several 
problems which I have encountered over the past year and I am certain 
that a project such as this could help to solve them. 

I have listed some of these problems below: 

1. Softwood types (acres and species) within a 100 mile 
radius of our mill in Deferiet. 

2. Topographical survey of our lands 

a. Areas too steep to log with mechanical equip- 
ment. 

b. Areas too steep to log with conventional crews. 

3. Soil composition, depth, drainage. 

a. For timber stand improvement site location. 

b. For possible gravel deposits. 

I would like to meet with you sometime to discuss these topics. 

I am usually in the office on Mondays. Feel free to call me and 
we* 11 set up a date and a place. Attached is my business card. 


JKW: sfi 
Enc. 

cc: Mr. P. C. Nowell 

Mr. H. D. Phillips 


Sincerely, 



James K. Waters 

Forestry Manager 

New York District 

NORTHERN TII^ERLANDS DIVISION 


Albany County Plannug Board 
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STEDMAN HOUSE 
1 LOliGE STREET 
ALBANY. NY. 12207 
(SIS) 44S-7964 


October 22, 1980 


Mr. Warren R. Philipson 
Cornell University 
Remote Sensing Program 

School of Civil and Environmental Engineering 
Hollister Hall 
Ithlca, NY 14853 

Dear Mr. Philipson: 

Upon returning from vacation Larry Smith and I discussed your 
phone conversation of October 5th. I have searched our files 
for a letter transmitting our final comments to you, but can 
only find our mailing list and the local comments which we received. 
I’m not sure why this information wasn’t forwarded to you at the 
time, but sincerely apologize for the oversight and lack of 
consideration. I just hope that no irrepairable damage has been 
done to future interaction between our offices. 


To recap what should have been said, after we received your 
report ’’Landslide and Erosion Susceptibility within the Normans Kill 
Drainage Basin, Albany County, New York”, we sent copies to county 
agencies involved in land use related activities as well as local 
planning and/or building departments. Enclosed is a complete list 
of those agencies which received and reviewed your final report. 


The general responses of these agencies, including the enclosed 
written comments, were quite favorable as to the overall quality of 
the material. The most common comment was a reluctance to depend 
entirely on the information. This however was a limitation clearly 
cited in the final report. Another comment often made was the lack of 
currentness of the data* At the time of the study, a 1977 black and 
white photo series of the study area was available through Lockwood 
Mapping Inc. of Rochester. This flight has not been widely publicized 
since it was produced for the County Tax Mapping Program. I’m 
surprised Kevin Millington from our office didn’t mention it In 
any correspondence prior to the study. Despite this, however, the 
overall area, with a few exceptions has changed very litlie since 1973. 

As to the expected use of the study, despite little activity in 
the Normans Kill Basin to date, we expect the study’s primary 
use to be as an ’’alarm” to potential problems when a building project is 
proposed. Onco identified, further study can be required prior to 
final approval of the project. This ’’alarm” function has become 
particularly relevant with the environmental assessments required 
by the State Environmental Quality Review Act. This type of assessment 
however is the responsibi 1 ity of the local municipality with little or no 
input from our office. Therefore the full utility of your study 
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Page 2 


for project reviews remains to be tested. Beyond this, your 
study should serve as support data for various short and long 
term plans in the county. Foremost of these would be a Normans Kill 
Linear Park. This is of particular interest to Mayor Corning of 
the City of Albany, although only in the conceptual stages at 
this point. 

Since our use of aerial photographic interpretation for a land use 
Inventory in 1977, we as a staff have been particularly interested 
in the general and specific application of remote sensing to planning 
and land use related problems. I hope we can continue an open 
and active communication link despite our earlier mix up. 


If you have any questions as to the distribution or use of your study 
or any other questions feel free to contact us. Once again, we are 
very appreciative of the assistance you have provided and hope 
that it continues in the future. 


Sincerely, 

JONATHAN W. 
Planner 



HARTLEY 


JWH/as 

Enel. 


dountg of Fulton 

COUNTY BUILDING 
JOHNSTOWN, NEW YORK 12095 


Ttlcphont ISIS) 762-4832 


PLANNING DEPARTMENT 


PAUL J. O'CONNOR, Oiractor 


October 22, 1980 


Dr. Warren (hillpson 
Rasote Sensing Prn<>r*'> 

Hollister Hell 
Cornell University 
Ithaca, NY 14853 

Dear Warren, 

RE: USE OF REMOTE SENSING INFORMATION IN THE TOWN OF MAYFIELD PLANNING PROGRAM 

Remote sensing, to the extent of sand and gravel resources, was used by the 
Town of Mayfield Planning Board in developing the Town's Land Developm^t Code 
(included toning provisions). The intormation provided induced both a written 
report and a map, at a scale of 1:24,000. 

The Information received was valuable in three ways: 

1. It provided mapped location of existing mining operations; 

2. The extent of primary locations of sand and gravel deposition was mapped; 

3. The written report provided a limited assessment concerning the depth and 
extent of the deposits. 

The quality of deposition laaterials was not identitiwd in the report, since this 
can only be determined by field inspection. However, it was assumed that most 
deposits would be of a high quality, considering the present quality of material. 

Though general in nature, the information was presented to the To«m Planning Board 
at regular maetlngs held m July, 1979, and March and May, 1980. The finalised 
Land Development Code did not directly refer to the Information received, but it 
was clearly reflected in the schedules of uses and in considering those districts 
where sand and gravel mining operations would be allowed. 


DR. WARREN PHILIPSON 
Octobar 22, 1980 
Pag* 2 

A copy of tho propofod dovolopnant Mp It tnclottd for your rtcordt. 

Attain, thank you for tha axcallanc larvlcaa your dapartMnt haa provldad to tha 
Fulton County Planning Dapartownt. If wa can aaalat you, in aoaM way, plaata 
lot nw know. 

Sincaraly, 

) r I ^ 

I 

Paul J. 0 '•Connor 
Planning Diractor 


PJOisJk 

focloaura 


HBffYORK 

^gPI||^ STATE EhXRQY 0FFIC5 

> Ji^‘ 9 AOCKfffUf A PLAZA 

ALBANY, MC»y rOAK 12223 

•’ JAMfS L. LAROCCA. COMUlSSlONCA 

Decenber 9, 1980 


Dr. Warren Phlllpson 
Remote Sensing Program 
Hollister Hall 
Cornell University 
Ithaca, New York 14853 

Dear Warren: 

I am writing to thank you and Dave Smith for the work you did to identify 
sices for wind resource monitoring in the Energy Office's Wind Feasibility 
program. The materials for Erie County arrived recently, and 1 have forwarded 
a copy of the maps to the County Energy Office to aid them in selecting sites 
under the program. I have already done this with materials for Niagara and 
Orleans Counties. 

I will keep you Informed of the results of the monitoring as the program 
proceeds, so that you can compare our data with your predictions. 

Again, thanks, and best wishes for the holidays. 



Paul P. Wcndelgass 

Bureau of Resource Development 


PFW/lal 

cc : Dave Sml C h 
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IX;l:S«pt 80 

Ttxe News let tar, a monthly report of articles an<^ events in 
remote sensing., is sent to members of the Cornell community 
who have an interest in sensors and their applications. 

THE NINTH 

The Remote Sensing Progr 2 un, begun in l$'/2, is sup^rted by a grant 
from NASA, the National Aeronautics <xnd Space Administration, to the 
School of Civil and Environmental Engineering, Cornell University. 

The activities of the Program Staff are of three kinds: instructing 

students and performing research in remote sensing, building upon 
thirty years experience in aerial photographic studies; strengthening 
communi. 'nation among persons interested or active in remote sensing; 
and soliciting and conducting user-oriented applied research projects. 
These projects must involve unique benefit- or act ion- producing appli- 
cations of aircraft or satellite remote sensing in New York or the 
Northeast. These projects are generally conducted at no charge to 
the user. 

NASA- sponsored projects completed during the summer include: an in- 

ventory of abandoned wells in the Allegheny State Park; the develop- 
ment of a methodology for extending snow records with Landsat data; 
and an assessment of timber resources for a wood power plant. Contin- 
uing projects are focusing on: site selection for wind mills;conifer- 

ous forest inventory for a particle board manufacturing plant feasi- 
bility study; plant spectral response to sulphur dioxide; relation- 
ships among vineyard spectral characteri^itics, yield and other manage- 
ment factors; l<mdfill leachate; and river flooding. The latter two 
topics are funded in part by the N.Y.S. Depa.rtment of Health and the 
Office of Water Research and Technology (OWRT) , U.S.D.I., respectively 
Tentative approval has also been received for an OWRT-funded project 
on lake water quality. This 12-month study would begin in October 
and be conducted cooperatively with Cornell's Department of Natural 
Resources. (Continued, p.2). 

ASP CALL FOR PAPERS 

The 47th Annual Meeting of the American Society of Photogrammetry will 
be held in Washington, D.C. , 22-27 February 1981. Proposals for 
papers in many areas of remote sensing will be accepted, including sen 
sor systems, image data processing, and applications. Proposals 
should be submitted no later than September 2, 19 *..0 to A.T. Cokenias, 
AS? Technical Program Crminittee, US Geological Survey, 524 National 
Center, Roston, Va. 220S2 (tel. 703-860-6301). Proposals must in- 
clude a title, author's name, address and telephone number, profes- 
sional affiliation and position, and an abstract of less than 200 
vrords. Presentation time will be limited to 20 minutes. 

LANP. ^AT -Jp nATE 

Landr Is once again the primary spacecraft over the U.S. Launched 
in 19 with a one-year design life, it was retired in late 1979 
after attitude control problems developed. Problems with the quality 
of the multispectral scanner (MSG) <Uta from Landsat-3 due to a late 
line start caused NASA to switch hnck to the older spacecraft. Rou- 
tine sensing over the U.S. has been done by Lar.dsat-2 since June 6th. 
Landsat-3 is used only over foreign areas and by special request over 
the U.S The current plan is to launch a craft by 1982 with an MSS 
and tape recorder in order to provide continuous Landsat coverage. 

This Landsat-? may or may not have a return beam vidicon. Landsat-D, 
with a thematic mapper, is still planned. 

SEMINAR IN REMOTE SENSING 

The Seminar in Remote Sensing will not be held during the Fall Semes- 
ter 1980, but will be offered again during the Spring of 1981. 


2 Cornell's Remote Sensing Program (cont*d ) 

The staff of the Remote Sensing Program Includes Ta Liang^ principal 
investigator# Warren R. Philipson# co- investigator# John A. Stantiirf# 
research associate# Thomas L. Erb# research specialist# Chain'Chln Yen# 
data analyst# and Pat Webster# secretary. Donald J. Belcher# Arthur 

J. McNair# and Ernest Hardy are general consultants to the program. 
Assistance has been provided by many Cornell and non-Comell person- 
nel for specific projects. Individuals who have contributed over the 
summer include Dr. Michael J. Duggin# of the SUNY College of Environ- 
mental Sciences and Forestry# Syracuse# N.Y. and Cornell students Lisa 

K. Balliett# William R. Hafker# Karen L. Jahn# Katsutoshi Kozai# Sandra 
J. Matulonis# Katherine A. Minden# David S. Smith# and William L. Teng. 

NATIONAL HIGH ALTITUDE PHOTOGRAPHY UPDATE 
An updated progress report for the National High Altitude Photography 
effort (described in the Dec. 1979 Newsletter) can be obtained by wri- 
ting Paul A. Antill# US Geological Sxirvey# National Center MS 512# Res- 
ton# Va. 22092 (tel.: 703-860-6212). Both blac)c and white and color 

infrared photos can be ordered from the EROS Data Center# Sioux Palls# 
South Da)cota 57198 by including the geographic coordinates of the area 
needed. Only color IR is available from the ASCS Aerial Photo Field 
Office# PO Box 30010# Salt hake City# Utah 84130. 

CONFERENCES/SHORT COURSES 

Thermal Infrared Sensing Applied to Energy Conservation In Building 
Envelopes (Thermosense III); 2-5 Sept.; in Minneapolis# Minn. Con- 
tact: SPIE# P.O. Box 10# Bellingham# Washington 98225 (tel. 206- 

676-3290' . 

IEEE Computer Society 9th Wor)cshop On Applied Imagery Pattern Recogni- 
tion; 22-23 Sept.; at University of Maryland# College Par)c, Md. 

Theme: High Speed Image Processing For Practical Applications. 

Contact: AIPR Program Committee# 4405 Echo Court# Woodbridge# Va. 

22193. 

Fall Technical Meetings# Amer. Soc. Photogrammetry-Amer. Congress Sur- 
veying and Mapping; 7-10 Oct.; in Niagara Falls# NY. Contact: 

David J. Millard# 47 Campus Dr.# West Seneca# NY 14224 (tel. 716- 
675-0900. 

Remote Sensing For Resource Management; 28-30 Oct.; in Kansas City# 

Mo. Contact: Soil Conservation Society Amer.# 7515 Northeast 

Ankeny Road# Ankeny# Iowa 50021 (tel. 515-289-2331). 

SELECTED ARTICLES AND PUBLICATIONS 
McGinnis# D.F. # R.A. Scofield# ^.R. Schneider# an^ C.P. Berg. 1980. 
Satellites as aid to water resource managers. Journ' Water Hesources 
Planning and Manage. # ASCE. 

McNolty# F. and R. Clow. 1980. Methodology for target discrimination. 
Applied Optics 19:6:984-999. 

Photoqram. Eng'g. and Remote Sensing 1980. v. 46# n.3 (March) : 

-Welch# R. Measurements from linear array camera images. 

-Renner et al. A photograrometric contouring method for radiation 
therapy. 

-Ghosh, S.L. Photogramme try for police use: Experience from Japan 

-Lo and Chan. Rural population estimation from aerial photographs. 
-Ackerson and Fish. An evaluation of landscape units. 

-Henderson# F.M, Effects of interpretation techniques on land-use 
mapping accuracy. 

-Badhwar# G.D. Crop emergence data determination from spectral data. 
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The News letter » a monthly report of articles and events in 
remote sensing » is sent to members of the Cornell coomunlty 
who have an interest in sensors and their applications. 

MONITORING HARDWOOD FOREST CLEJ^OTTIN^ 

The value of small scale remotely sensed data for monitoring clearcuts 
was assessed by William Hafker in a recently completed thesis for a 
Master of Science degree at Cornell University. Hafker examined clear- 
cutting in predominantly hardwood forests , using high altitude aircraft 
and satellite data. Manual photo- interpretation technicrues were used 
to analyze images acquired by high altitude aircraft « Skylab Multi- 
spectral and Earth Terrain cameras (ETC ) » Landsat Multispectral Scan- 
ner (MSS), and the Landsat-3 Return Beam Vidicon. Landsat MSS imagery- 
was also analyzed using a color-additive viewer and by digital image 
analysis. The value of each type of remotely sensed data was judged 
by the ease and accuracy of clearcut identification, and by the amount 
of detail discernible, especially regarding revegetation. 

Results of a comprehensive study of sites in the Allegheny National 
Forest in Pennsylvania indicated that high altitude aerial photography, 
especially color infrared photography acquired during the growing sea- 
son, was well suited for identifying clearcuts and assessing the ex- 
tent of revegetation. Although photogra{^s acquired with Skylab 's ETC 
also yielded good results, only incomplete inventories of clearcuts 
could be made using Landsat imag try. Results of a less comprehensive 
study in New York's Adirondack Park were similar to those in Pennsyl- 
vania, but even less satisfactory results were obtained with Landsat 
imagery. Several factors could have contributed to the increased dif- 
ficulty of clearcut detection in the Adirondack Park, chief among 
these being greater topographic relief ^md associated illumination var- 
iations, differr;nces in harvesting practices including amount of tim- 
ber felled and removed, amount of soil disturbance, distribution of 
slash, the amount of vegetation present after harvest, and the presence 
of coniferous and mixed vegetation types. (Continued, p.2). 

ASP CALL FOR PAPERS 

A special session on Engineering and Site Selection in Fragile Envir- 
onments will be held during the American Society of Photogrammetry An- 
nual Meeting on February 24, 1981 in Washington, D.C. The session 
will be sponsored by the Engineering Applications Committee of ASP's 
Remote Sensing Applications Division. Abstracts of 200 words, with 
author's name, addro.;s and telephone nunft)er should be sent to: Dr. 

Robert A. Ryerson, Conada Centre for Remote Sensing, Energy Mines and 
Resources, Ottawa, Canada KlA 0Y7 (tel. 613-995-1210). The ASP dead- 
line of September 2 is extended for this session only to October 10. 
Emphasis will be on practical solutions using remote sensing. 

CALL FOR PAPERS 

The Fifteenth International Symposium on Remote Sensing of the Environ- 
ment will be held in Ann Arbor, Michigan, 11-15 May 1981. Contributed 
papers will be presented in multidisciplinary poster sessions. The 
deadline for submitting a summary of a proposed presentation is 1 No- 
vember 1980. Summaries must be between 300 and 1000 words long, con- 
tain no figures or references, and 20 copies in English must be sent 
to Dr. Jerald J. Cook, Environmental Research Institute of Michigan, 
P.O. Box 8618, Ann Arbor, Mich. 48107 (tel. 313-994-1200). Each sum- 
mary should contain a justification for the work, an explanation of 
its relationship to the state-of-the-art, details of results to date, 
and in the case of a new or innovative approach, a discussion of how 
it differs from existing methods. 


2 Honltorinq Hardwood Clearcutting ( continued ) 

The results of this study end the methods suggested for clearcut oioni- 
toring would be best suited to regions of hardwood forests where nearly 
all trees are reiaoved in a single cutting and %diere the topography is 
not excessively mountainous. 

The study was directed by Ta Liang and Warren R. Philipson* and suppor* 
ted by NASA Grant MGL 33-010-171. For further information* contact Dr. 
Philipson* Cornell University* Hollister Hall* Ithaca* M.Y. 14853 (tel. 
807-256-4330). 

CONFERENCES/SHORT COURSES 

Cartographic Information Society organizational meeting* 2-4 Oct; in 
Milwaukee* Wisconsin. Contact: CIS c/o Christine Reinhard* 143 

Science Hall* Madison* Wisconsin 53706. CIS is a new professional 
organization aimed at promoting coiranunir ation* coordination and coop- 
eration among the producers* disseminators* and iwers of cartographic 
information. 

Synthetic Aperture Radar with Remote Sensing Applications; 14-17 Oct; 
$580; contact: Continuing Engineering Education Program* George 

Washington Univ. , Washington* D.C. 20052 (tel. 202-676-6106; 800- 
424-9773; tele.x 64374). 

PUBLICATIONS AVAILABLE 

Proc. 46th Annual Mtng.* American Soc. Photogramme try. 528 pp. Held 
St. Louis* March 1980. Avail: Amer. Soc. Photogrammetry* 105 Vir- 
ginia Ave.* Falls Church* Va. 22046. $7.50 members* $12.50 non-mem- 

bers. Include $1.00 per publication for postage and h 2 uidling. 

Remote Sensing and Resources Management* Ferdinand Bonn* editor. A 
collection of papers given at the congresses of TTie Quebec Remote 
Sensing Association. Papers are in English or French* with abstracts 
in the other language. Avail: Teledetection et gestion des ressour* 

ces a/s Departeroent de Geographie* Universite de Sherbrooke* Sher- 
brooke* Quebec* Canada JIK 2R1. $20 men4>ers A.Q.T. * $28 non-members. 

New York State Atlas. A new edition* containing 39 multicolor maps 
and a populated place name index* is available from the Map Informa- 
tion Unit.* NYS Dept. Transportation* State Campus* Albany* N.Y. 

12232. Cost: $15. Individual atlas pages are 75 cents each; forms 
for ordering are available from the Map Information Unit. 

SELECTED ARTICLES MiP PUBLICATIONS 
Buchanan* M.D. and R. Pendergrass. 1980. Digital image processing: 

Can intensity* hue and saturation replace red* green* and blue? 
Electr^Optical System Design 12:3:29-36. 

MacDonald* R.B. and F.G. Hall. 1980. Global crop forecasting. Science 
208:670-679. 

Aldrich* R.C. 1979. Remote sensing of wildland resources: A state-of- 

the-art review. USDA Fortst Service Gen. Tech. Rep. RM-71. Rocky 
Mountain Forest and Range Experiment Station* Ft. Collins* Colorado. 
Stonetz* et al. * 1980. Extension of laboratory-measured soil spectra 
to field conditions. Soil Science Soc. Amer. Jour . * 44:572-574. 
Bogucki, D. J. * G.K. Gruendling* and M. Madden. I5TOT Remote sensing 
to mcnitor water chestnut growth in Lake Champlain. Jour. Soil 
Water Conserv . 35:79-81. 

Kiefer* h.w. ed. 1980. Civil engineering applications of remote sen- 
sing. Proc. Specialty Conf.* ASCE Aerospace Div. * Madison* Wisconsin 
Aug. 13-19* 1980. Amer. Soc. Civil Engineers. 

The Newsletter is made possible by a grant from tKe NASA office ot 
University Affairs. Comments or correspondence should be directed to 
John A. Stanturf* Remote Sensing Program* Cornell University* 464 
Hollister Rail* Ithaca* New York 14853 (tel. : 607-256-4330) . 
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The Newsletter « a monthly report of articles and events in 
remote tenslngf is sent to members of the Cornell community 
who have an Interest in sensors and their applications. 

RESOURCE INFORMATION IJ^RATORY — UPDATE 
The Resource Information Laboratory ^RIL) , a unit of Cooperative Exten- 
sion in Cornell's College of Agriculture and Life Sciences# supports 
land use and resource management programs in New York State. RIL main- 
tains and continually supplements an airphoto library that contains 
photographs of every county in New York# providing sequential coverage 
in many areas for 20 years or more. 

A contract recently was signed with the U.S. Agency for International 
Development for RIL staff to develop land use/land cover maps for the 
Yemen Arab Republic. An integral part of the project# coordinated by 
Ronald Senykoff with James Skaley# will be training Yemeni nationals at 
Cornell in techniques for satellite imagery enhancement# interpretation 
and mapping. 

RIL continues to offer in-depth training in land use classification# 
natural resource inventories# geographic referencing# and airphoto in- 
terpretation of land use. Recent publications are "From Landforms to 
Avian Habitat— A Look at Topology#" by J.E. Skaley# and "An Application 
of Sequential Air Photo Analysis to the Identification and Mapping of 
Closed Landfill Sites#" by E.M. Bamaba. For further information# con- 
tact Ernest E. Hardy# Director# or Eugenia M. Bamaba# Manager of Tech- 
nical Services# at RIL# Box 22# Roberts Hall, Cornell University# 
Ithaca# N.Y. (tel. 607-256-6520). RIL is located near the Tompkins 
County Airport. 

ARCHIVE OF ENVIRONMENT SATELLITE DATA 
The Satellite Data Services Division of the National Oceanic and Atmos- 
pheric Administration's (NOAA) Environmental Data and Information Ser- 
vice (EDIS) maintains the Archive of all environmental meteorological 
and oceanographic satellite data from the NOAA satellites and from some 
NASA experimental satellites for regions around the world. Satellite 
data and derived products are available in photographic format# digi- 
tal tapes# and paper copy. The Archive consists of several million 
^ ^^photographic negatives and digital tapes from TIROS-1 (April 1960) 
ijfc through the present TIROS-N/NOAA-6 series of polar-orbiting satellites# 
^^from the SMS/GOES Geostationary Satellites (May 1969 through the pres- 
ent) # and from such non-operational satellites as GEOS-3# SEASAT# and 
^ ^ NIMBUS- 7. 







The SDSD publishes the "Satellite Data Users Bulletin" which contains 
information on new acquisitions and certain satellite data. Anyone de- 
siring to be added to the distribution list for the Bulletin or desir- 
ing specific information on data holdings# availability# or price is 
requested to contact: Satellite Data Services Division (SDSD), NOAA/ 

EDIS/NCC# Room 100# World Weather Building# Washington# D.C. 2023S 
(tel. 301-763-8111 commercial# 763-8111 PTS) . 

CONFERENCES/SHORT COURSES 

Workshop on Remote Sensing and Gc^raphic Information Systems in the 
Planning Environment# at the Univ. California at Berkeley; 17-21 
Nov; Contact: Remote Sensing# University of California Extension# 

2223 Fulton St.# Berkeley# Ca. 94720 (tel. 415-642-1061). 

Colloquium on the Application of Data from the Next Generation of 
Earth Resources Satellites# in Montreal# Quebec; 25-26 Nov.; Con- 
tact: Keith P.B. Thomson# Canada Centre for Remote Sensing# 2464 

Sheffield Road# Ottawa# Canada KIA 0Y7 (Tel. 613-995-1210}. 

Terrain Analysis; 17-21 Nov.: $655; Contact; Continuing Engineering 
Education Program# George Washington Univ.# Washington# D.C. 20052; 
(tel. 202-676-6106 or 800-424-9773; telex 64374). 


2 NEW JOURNAL 

The new International Journal of Restote Sensin 9 has begun publication 
(see Selected Articles, this issue). It is the official journal of 
the Remote Sensing Society, a UK^based organization. Subscriptions 
are $b0 annually (US, Canada, and Mexico); members of the RSS are en- 
titled to a 50% discount. To subscribe, contact Taylor and Francis, 
Ltd. , Rankine Road Basingstoke, Hampshire UK RG24 OPR. 

SELECTED ARTICLES 

Hovis, et al. 1960. Nimbus- 7. Coastal Zone Color Scanner: System 

description and initial imagery. Science vol. 210:60-63. 

Gordon et al. 1980. Phytoplankton pigments from the Nimbus-7 Coastal 
Zone Color Scanner: Comparisons with surface measurements. Science 

vol. 210:63-66. 

Murray, E.R. , D.D. Powell a J.E. van der Lean. 1980. Measurement of 
average atmospheric temperature xising a CO.> laser radar. Applied 
Optics . 19:11:1794-1797. ^ 

International Joum. Remote Sensing 1980. v.l, no.l 
-Berg and de Paratesi. Some signiricant results of a remote sensing 
experiment under European conditions (AGRESTE project) . 

-Klemas. Remote sensing of coastal fronts and their effects on oil 
dispersion. 

-Raney. SAR processing of partially coherent phenomena. 

-Plevln and Honvault. The ESA remote sensing programme. 

-Tucker et al. Relationship of crop radiance to alfalfa agronomic 
values. 

-Curran. Relative reflectance data from preprocessed multispectral 
photography. 

-Schneider. Interpretation of satellite imagery for determination of 
land use data. 

Remote Sensing of Environment 1980. vol. 9, no. 3 

-Murphee and Anger. An empirical method for determining albedo contri- 
bution to satellite photometer data. 

-Gordon. Utilizing Landsat imagery to monitor land use change: A case 

study in Ohio. 

-Johnson. Remote sensing and spectral analysis of plumes from ocean 
dumping in the New York Bight apex. 

-Ketchum and Lohanick. Passive microwave imagery of sea ice at 33 GHz. 
-Parikh and Ball. Analysis of cloud type and cloud amount during GATE 
from SMS infrared data. 

-Holmes et al. Optimum thermal bands for mapping general rock type and 
temperature from space. 

-Weaver and Green. Simulation study of geometric shape factor approach 
to estimating earth emitted flux densities from wide field-of-view 
radiation measurements. 

RenK>te Sensing of Environment 1S80. v.9, n.4 

-Hlavka et al. Ttie discrimination of winter vrtieat using a gro«rth-state 
signature. 

-Byrne t Davis. Thermal inertia, thermal admittance, and the effects 
of layers. 

-Dave, J.v. Simulation colorimetry of the earth-atmosphere system. 
-Pratt, D.A. Two-dime.isional model variability in thermal inertia 
surveys. 

-Legeckis et al. Comparison of polar and geostationary satellite in- 
frared observations of sea surface temperatures in the Gulf of Maine. 
-Jobson et al. Remote sensing of benthic microalgal biomass with a 
tower-mounted multispectral scanner. 


The Newsletter is made possible by a gremt from the Natxonai Aeronau- 
tics and Space Administration to Cornell's School of Civil and Envir- 
onmental Engineering. Address coimnents to John A. Stanturf, Cornell 
University, Hollister Hall, Ithaca, N.Y. 14853 (tel. 607-256-4330). 
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Thtt Newolett«r» a monthly report of articles and «vent3 in 
remote sensing^ is sent to members of the Cornell community 
who have an Interest in sensors and their applications. 

ESTIMATING FUELWOOD POTENTIAL USING REMOTE SENSING 
Uncertainty in petroleum cost and supply has sparked interest in alter- 
native energy sources, including wood. Under-utilized forest resources 
in Northeastern states such as New York, where annual growth signifi- 
cantly exceeds annual harvest, Cvtuld supply fuelwood for generating 
electricity. The New York State Energy Office requested the Cornell 
Remote Sensing Program to assess the feasibility of operating a ten 
megawatt wood-fired power plant in the Adirondack region. The primary 
concern was the availability of sufficient woody material within econom- 
ic hauling distance. 

In general, information on forest resources was too aggregated to pro- 
vide a detailed enough estimate of fuelwood supplies. As such, the Cor- 
nell staff used high altitud<», color infrared aerial photographs and 
Landsat to estimate the amount of potentially available fuelwood within 
30 km of a proposed site. The first step was to delineate available 
forest land area by excluding non-forested land, wetlands, water bodies, 
land with slopes exceeding 15%, and land in public ownership. Large 
blocks of land owned by the forest industry were noted as well, but con- 
sidered potentially available for fuelwood harvest. 

The second step was to stratify the forest land into three cover classes 
—deciduous, coniferous, and mixed — in order to apply available growth 
and inventory data. This was accomplished using the aerial photographs: 
interpretation of coniferous trees was checked using winter scene Land- 
sat imaqery. 

2 

Thirty-seven percent of the land, totaling 1056 km was forested and 
potentially available. Of this, 51% was composed of mixed, 39% decid- 
uous, and 10% coniferous stands. Fuelwood potentially availed^le was es- 
timated conservatively — assuming only cull material and mortality— at 
79,750 green tons per year, just short of the 86,640 tons necessary to 
supply the plant. Less conservative estimates were that 1.35, 27, or 
75 times the needed fuelwood could be supplied. (continued p.2) 

CALLS FOR PAPERS 

The Ninth Remote Sensing of Earth Resources Conference will be held at 
the Univ. of Tennessee Space Institute, Tullahoma, Tenn. , 24-26 March 
1981. Proposals for papers should be submitted to; Dr. F. Shahrokhi, 
Conference Director, Univ. Tenn. Space Inst. , Tullahoma, Tenn. 37388. 
Proposals should include a title, author's name, address, and position, 
and an abstract of approximately 150 words. 

Workshop on inplace Inventories, to be held at the Univ. of Maine, Orono, 
Me., 9-14 Aug. 1981. Abstracts of "how-to*^ papers dealing with natur- 
al resource classification, mapping, sampling designs, or information 
management should be sent to: H. Gyde Lund, USDA Forest Service, 

Rocky Mountain Forest and Range Experiment Station, 240 West Prospect 
St., Ft. Collins, Colo. 80526 (Tel. 303-221-4390, ext. 202). 

Late Call — Conference on Remote Sensing Education, to be held at LARS, 
Purdue Univ., West Lafayette, Ind. , 17-20 May 1981. Abstracts should 
be sent by 1 Dec. 1981 to; Ms. Shirley M. Davis, LARS, 1220 West 
Potter Drive, West Lafayette, Ind. 47906. 

PUBLICATION AVAILABLE 

The complete Index to Photogrammetric Engineering end Remote Sensing 
Volumes I-XLV (1934-1979). Cost; $7.50 to ASP Members, $15 otherwise, 
plus $1 postage and handling. Contact; Amer. Soc Photogrammetry 
105 North Virginia Ave. , Falls Church, Va. 22046. 


2 Eatlaatinq Fuclwood Potential (cont*d) 

The study was conducted by John Stanturf» Warren Phillpson, Lisa 

Balliett, and Karen Jahn, and supported by NASA Grant NGL 33-010-171. 

For further information, contact John Stanturf, Cornell University, 

464 Hollister Hall, Ithaca, New York 14853 (tel. 607-256-4330). 

SE^CTED ARTICLES 

Photoqr amme tr ia . 1980. v.35, n.5. 

-Debrock and Verduyn. Densitometric analysis of colour aerial photo- 
graphs - a new approach. 

Applied ^tics . 1980. V. 19, n.l3. 

-Doda 6 6reen. Surface reflectance measurements in the UV from an 
airborne platform. Part 1. 

-Barnes t Price. Calibration of a satellite IR radiometer. 

-Kimes et al. Complexities of nadir-looking radiometric temperature 
measurements of plant canopies. 
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